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(54) SEMICONDUCTOR UGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
light emitting element, such as a high- output red 
semiconductor laser which stably oscillates in 635-nm 
band, 650-nm band, etc., at a high temperature, a visible 
semiconductor laser which oscillates at a wavelength 
shorter than 600 nm at a room temperature, a visible 
light emitting diode having a high luminous efFiciency, 
etc. 

SOLUTION: The active layer 2 of a semiconductor light 
emitting element is composed of (AlxGal-x)alnl-a 
PtAsl-t (0<x<1, 0<a<1, 0<t<1) and the clad layers 3 of 
the element are composed of (AlyGa1-y)pin1-pPvAs1-v 
(0<y<1, 0.5<p<1, 0<v<1) having a band gap larger than 
that of the active layer 2 and containing Al having a 
lattice constant between those of GaP and GaAs. 
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(57) [^^i^] 

5 n m, 6 5 0 n m^mo:>^^^m-Pf ^?Mt^*5 

im'^^^k^ 2 (i ( A 1 X G a 1 - X ) n In 

i~uPiAsi-i(0^x<l, 0<a^l. 

t^Dt^h^j:^ . ^=7 y KJi3ll^'l1:Ji2 J;i9>'<v K 
^> .y y/jU^:^ < . Ga P<!rGa As <^(7)rFilO*&^^^ 
^Wi"^A 1 (A 1 y G a 1 - y ) r n 1 - ,i 

PvAsi-v (0<y^l. 0. 5</3<l. 0<v 




/ 

Gai-x)aIni-aPtAsi-t(0^x<l, 

(D^^-^m^^'-r^ A 1 ^^/u/f ( A 1 y G a 1 - y ) /J 
Ini-3PvAsi-v (0<y^l. 0. 5 < jS < 

Gai-x)a Ini-«PiAsi~L(0^x<l. 

KJitifffi-'f^iM J: ^ K:¥> :y :7''7)^;k:^ < , G a P <^ 
G a A s t(Dm(D\^ J''m.^^^-r^A 1 ^1^A./c(A 1 
yGai-y)/? Ini-^jPvAsi-v(0<y^ 
1. 0. 5</^<T. 0 < V ^ 1 )7J)^f^/^«9 . /g-'hiiiclr 

<^=7y KliJ:^9^J^$V>(A 1 . G a i - . ) v In 
i-yPuAsi-u(0^z<l, 0. 5<y<l. 

(AlxiGai-xi)«i Ini-aiPiiAs 

1-.. i(0Sx1<l. 0<al^K O^tl^l) 
t^^j>fj:^^ m.MM\±{A lx2Gai~x2)«2ln 
i-«2Pi2Asi-i2(0^x2<l, 0. 5< 
a 2 < K 0 ^ t 2 ^ 1 ) ^'cC «9 . ^ ^ :y KJKifSi* 
mX,n^<>V^^-Tyy^t-i^i^<^ G a P tG As t(D 
mo-^^^-^^^^^-t^A 1 ^^A.tz{A 1 y G a 1 - y ) 
I n 1 - /V P V A s 1 - V ( 0 < y ^ 1 . 0 . 5 < < 

K^> J: ^) :iv:# < ^ ^ KilJ: ^9 

/^^V^(Al7. Gai-;!)v Ini-yPuAsi-u 

(0^'z<l. 0, 5<y<l. 0 <u^ 

[tt3^tJl4 ] ft 1 7!?^ff ^il 3 (Z)V^-rti;a— ipjc 

1^-5 (AlxGai-x)a Ini-«PtAs 
i-i(0^x<l, 0<alSl. 0^ t ^ l);5^f>/^ 
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^^dtV^GayIn]-yPuAsi-u(0. 5<7< 

%m,<r>^^mt^im=^\:L-^\^^X. ^=7y KlifiA s 
^T'l^'5 (A i y G a 1 - y ) ,3 I n 1 - 3 P V A s 
i-v(0<y^l. 0. 5<i3<l. 0<v<l);&^^ 

[IS>J^3S 7 ] if 2 TIj^ISaIcJI 6 601 ^TtL/j^ 
^ ^ :y KiiJ: «9:^^ < . /±*i^^^ LTl ^6 r ^ 
[ft^ri 8 ] st*il 1 7!j^:ft*3l 7 V ^-r^;^)^-3Ifc 

%m.<j')'\-m^^%m=^\^-^\^^x . '^m\%mm-xG pa 

mxj^M L *7 r Jl^^ ?tc 5 r t ^#iS( <b i-5 

[fff *JI 1 3 ] t#*ig 9 7!;^M^-tI 1 2 ^7^^.^i^n;^)^- 

G a J nP^fc.i±G aPAs^-hfj:^:it^¥fWit 

[ WiR^ 1 4 ] ff^*-:^ 8 * itmM^. 9 afi«(0 ^^f>|^ 

:^>^b[0 1 l]A-fp](c:0" ;6^^54. 7" 

Eii\ (1 0 0)ili7j^b[0 — 1 l ]:^riRj{ci 0° 

b5 4. 7*^ <^taIa-C^ffiv^:rc®^. ^tzl-i.. :itiht^-m 

im^m 1 5 ] 8 * tzitm-^m 9 tEim<7)¥#tt< 

AZloT. G a P A s »S^t&]7j^^t«6^?iJFI«{c J: «9 WMit: 
5<? •g^Sl5;5>SiS^il,;*:^^n,5Bu(0^fm;6^*i«^^ m 



(3) 

3 

immm 1 6 1 if *ii 8 ^ tzimjkm 9 tmoo^mi^ 

ft. S e ^ 5 X 1 0 1 « c m- J:^±{C y L/cG a 

im^m 1 9 1 1 7!(Sli^-'-I X 8 (7:>^/^-ft^;0>— 

m^mmmm:^^ fcm:t'^m=^ ^^^^ i^-m^ ^^f& 

[0 0 0 1 ] 

[0002] 

I^A^5^(7:>fM¥l A 1 G a In P^$^^4fls A 1 G a I n 
N J: B o >-) M^Sf ^ [l^ # i 1 1 - V i;^ 

^> yy^=^^>^ju^—{±m.X'rs'^'] 2 - 3 e V (^igcS 5 4 0 30 

(7)^7^^^^-^, 1/— if-7°!; CD, DVD^-(7)^# 

# iA^^ ^ ffi 1/ ^ ^ 6 MJiayil 1/ ~ if (Dt-it^ <!: L 

3#:{;^u-if (cil. G a A s mkm^i^^m^-t h wmm 

I ^ ^xT I ^ 5 o i^?rrig idi^^ i« tti yj 

[0 0 0 3] ^^gf^^U— 

(DH)«at-eM^:g(::-r^m'a^{i^ti^f^(iA l ;i)^^^:!3P 
$n:^-A 1 Ga I n P^ffll^e^^^^/i>S^6o A 1 t7:)^Jn 
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Kg<t LTA 1 G a I n P ^JlJl/^Tt S C PI- QW (Se 
parateConf 1 nement Heterostructure-Quantum Well) 

t-t^^mm^^x\,^^. j^mimt-t^tzib 

{z^ #F7^^6-7 7 5 9 2^f::^$ft5J:9t'i> M'f-^ 

^m{^m:^m^tz^m^n'F^mmm'^m\^'hthx\.^ 
7 5 9 1 5^-{C77<^tix\^^^^ ^m^m^p 

mit. m^RXh^Ga A s (^>C^l-LTG a P (riftl ^llj^gc^ 

G a I n P<^/^5<7:)-r:\ ^ K^> :y :r ^9 Mfi^^ 

if (TE^— K) tmyt^^^9 0° iSoT<^(7)t:\ -^(7) 

[0 0 0 4] L;0^L/c^:?5^^. (A I x G a i - x ) 
0. 5 I no. 5 P^:^^^ K/i{::tlife;6'^|^i:iAy:>bn'5 
A 1 m/jJcx^sj^'g-O. 5fMJg^::'^#i^fci6. if 

c7:'#t:iit5tMc^/^6^ifjit]-C<?^A I (c^riia-r^^[&"M"-li!fi^{:: 

[0 0 0 5] ^fz. A 1 Ga T n P ^^-^7^ o 

Ec) ;6S/J^^v^<7)r^ ^iA^-^-yr ;*s?gi4^7!j^ 

WMk^^J^^o m^^-lQ 3 5 nm^, 6 5 0 nm^GD^^ 
l-—^Xm<l-t^t. ^-rt>^f^^B:^.X^^(D\Ct^f}^f^ 

[0 0 0 6] :L<Dx.btmm^mdf:-r^tL}si:>. m^mt 
&-mM (MQB) m&^f^ii. mA^-Y uT^mciA 

[0 0 0 7] :i<DX'?{C^ 'i^^(r)G a A smm^'f-^'^ 
±) , m^it-JJU^W ^5 6 3 5 nm'^* 

fzit^ixx ^ ivMM(?:) i^-'^ommtmmxh-r>fz. ± 

IE1(7)J; G a A s i: ^9 |^ T XeS^^/J^^ I ^ A 1 G a I 

n PS#m. G a A s MS^tCjiJcS-C^ ^Um^^lt^ 
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(4) 

5 

_h(«l. ^ ^ :y K/i^ LT A 1 y G a 1 - y P (O^y^ 

1) ^m\^\ ^^^mti.xmtMm^m(Df±mmGa. i 
n 1 - X p (o< X < i)^m\^\ ^ttSicfir^ y^u- 

^ l-nju^y^ h^^yy^ (Isoelectronic trap) (D^j^^ 

itot.L^xN^ \'^-yi.tzm^:^mmw-e~ 53602^ 

0 ?^ V y h7)S^5:6^. :l:t>G a P < Tfi: 

mM^t^Jl^G a o. 7 I no. 3 P^^tiJliCiol/ ^ 

[00 0 8] ^fc. G a A s S^Jbl^G a A s ^ G a P 
h (7:»fBl(7:>^^7&i^^Wi-5 (AlGa) « Ini-«P 

(0. 51<a^0. 1 Z) t-hf^^¥v'f^^=r^m'm. 
f?^^. rttd^&^^-g^i-SG a Px A s 1 - X :7r 

m^<DWPcX^^. GaAs<tGaP^ O^f^Q-y^^^-^^ 
^^ir^ (AlGa) «Tni-aP (0. 5 1<a^ 
0 - 7 3) mUmtA 1 InP^Ga InP^ "C'lffl^tb 

tzmmo:>unxh^. zo:>tjimxit. g a a s mm^^ 

^.^Un^ ^ h^^^^^yycDA I G a I n P^^^:y 

f)-^Oo #r?i^l^5-4 1 5 6 0^{Cji^$ 

HTV^^ l-'— ifll. 6 0 0 nmJ: «9^l/^Si:i:COU — if^ 
^mi-^^t^^^(;:>^3^;^)^^/c^ ^9 . 635nm, eSOnm 
ffi-#C0 6 0 0 nmj: t):i:l^fe':S:C?)U — if^%itL/z+tit 

r'fi/<e;5^of-. y<iyV^^^yy'o:>i^^'^^{is.^ 
mmmmmx-^^ A i i n p j:'^ t^c a i n p 

(7^:;^^^ ffit^-M^-C-^^G am/^^^0. 7 3 ^ -t:^(7>$tL(ffl 
-f^^Ptfi^MX^Xy^^^COX^ G a POt^•^J^^^Ci£V^1^^ 4t? 

:^if(COA 1 (Ga) I n P^;T]CN7t:^;^^^J:v^;5^ i^'tc:. 
6 3 5 nm, 6 5 0 nYn^<Dx^^m(r)^^tA tt^^ (A 
1) Ga I n P<D*&^Z&^}i, K^O-^H<bliA 

[0 0 0 9] 

-Jh ^:^li[jfti'5 635nm, 650n vn^^(Dy)i^^'Y- 

igf4:u— if\ ^rStviib^i^Te 0 o nm J: ^9 Midlife 
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[0 0 10] 

Sit {A lxGai-x)«Ini-«PtAs 
i-i(0^x<K 0<tt^l. 0^t^l)^>f>/.t 

K)ifi^-|4Ji J:'9^^>^K^>:yV^;e»^:^v#<G 
a P ^ G a A s <^ (7:)rBlO:}^-^^^^ Wi"^ A I ^^A^fz 
(AlyGai-y)/}Ini-/iPvAsi-v (0< 
y^l. 0. 5<i3<l. 0<v ^ l)^^h^J:^Z.t=t 

(001 1] ^tz^ m>^m2mmommi±. 

yt^m^.'r^f^^mttft^m\:^jAi^^i:^yyhm 

t ^^i- 5 --^ D m^:^mf& ^ tin ^ 5 

{«l4b^V^r. ^'|±ilfi(Al xGai-x)a Ini-«P 
t A s 1 - r (0 ^ X < 1 . 0<a^l. O^t^l)^ 

-m^j^p^^-h^j:^ . ^y y h'mm^^mx 

■Y y^f)'^±^ <. GaP^GaAs tO^V^O-^)^^ f'}!^^:^ 
W-r^A 1 ^^Ay/c(A 1 y G a 1 - y ) ,j I n 1 - ,j P 
vAsi-v(0<y^l. 0. 5</?<l. 0<v^ 

i)^-^t^K^. m^mt^yyvmto^mz.^ y<>\<^ 

^ y -:^mm\m ^^i^^ < ^ y y YMX.^ fb^\^^{A\ 

zGai-z)v Ini-yPuAsi-u(0^7.< 

1. 0. 5<7<1. 0<uSl)t^hf^^%^^^ ¥m 

[0 0 12] ^fc. m^-^M.'^mmo:^^m\t. ^mi^m^k 
-iit^i. %^^^,-r^i^'^mt%^m\:^^^^^^yyh^m 

^J^ItitT'^ ^9 . ^Fiili (A 1 X 1 G a 1 - X I ) 1 

Ini-aiP.. lAsi-i. i(0^xl<K 0< 

a 1 ^ 1 . 0^ 1 D^-h^ri:^. mmmn{A 1 x 2 

Gai-x2)u2 Ini-«2Pt2Asi-t2(0 
^x2<K 0. 5<a2<l. 0St2Sl):d^hti: 

"7=7 y vmm'^^m ^<:y ^ yyt^-x^ < ^ 

G a P ^G a A s hO-^mo-^^^-^^^^^-t^ A 1 ^^/u 
ff ( A 1 y G a 1 - y ) (J I n 1 - tf P V A s I - V ( 0 < 
y^l, 0. 5<r:J<l. 0 < V ^ l);^)>ib/^'9 . ?^ti 

A#< ^ ^ 5^ KiiJ: i9/h^VN(A 1 G a I - . ) y In 
i-vPuAsi-u(0^z<l, 0. 5<v<l, 
0<u^ \ Mj-hfi:h±ii^ Ym^M\^X\^^^^}i-k^ 
Wit LTl/^^o 

[0 0 13] -^fz. m^^M.4mmomm\±. mi^-^M^iib 

v^r. rS-ttilfiA s >^f^•^T■v^^(A l x Ga i -x)« 

Inj-«PiAsi-t(0^x<l, 0<al^ 
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[00 14] mmm5mmo:>mmn. m^m27b 

V^T. K^flA 1 ^-g-^/^V^G a V I n 1 - V P 

uAsi-u(0. 5<y<l. 0<u^l);ii^^/^'5r 

[0 0 15] ^/t. ff^il6t5«tco^0^(l. If^^trllJi/ 

I'^r. ^ ^ :y KgfiA s ^-g^Ay-ev^^ (A 1 y G a 

i-y)/{ I ni~H PvAsi-v(0<y^l, 0. 
5</3<l. 0< v< l);i)^^/^-5r<h^it#?^^LTl/^ 

[0 0 16] ^fc. B^5|til7|eii(7)^P^f±. ti3^^ll2 7!f 

[0 0 17] ^/c. ii>}<il8|fi«c<7:)^Pj^fi. tS^in 7!; 
^^T. ¥^«f*:S+I{iGaPAs>6>^7:^«9. flC^^gf^S^ 

[0 0 18] ^/c. M*-LW9we«(7)MR^ji, ni^J-IlT!/ 
V^T. ^^gfr^lJifiG a A s ^/tflG a P7)^P./^i9 . ^ 

[0 0 1 9] Sfc. t»^J-Ii Otfi«(7:)|§flj!fi. fg-:*-cl9 
[0 0 2 0] ^/c. st^ill Il5tfet7)|gfl^{l. fW5i^il9 

[0 0 21] ^/c. m^mi 2mm(^:^^mit. mMm9 

y Vl^o-^),%WiU.f^^ V) \^\,^'i^S.X)il^ l.fz\m^y< yyr 
[0 0 2 2] ^fc. m-^-^l sm%%(nwm±. IS^rig 
imn>^<yyrm\'t^ Ga I nP^f-JiGaP 
[0 0 2 3] ^5^1. fft^^Il 4|fi«fe^O^Bj^(l. If^^^lB 

S-^OrWi;^{S(;±. (1 0 0)gi;6^p>[0 1 l];^fR]tc:o" i)^ 

^5 4. 7° C7)t6lii-(?ftll^f-®. ^fdJi. (1 0 0)tfij;6^ 
ib[o — 1 1 ]:tr|pl{:: 1 0" 7!)>b5 4, 7" o-y^mxi^^^ 
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[0 0 2 4] ^fc. ff*ill 51E«t<7:»||P^{l, tf*il8 

S'^^S;^^^§H^0i5j^g$n^{C5t3i:oT. GaPAsSt^^ 

[0 0 2 5] ^ti. It^^l 6tcl«<7D^Nj3fi, =1^1^118 

10 ^/cmf^JS9fBtt^7:)^*^*^3t^-7-(-:feV^T. ^^ft: 

[0 0 2 6] ^fc. m^m.i 7mm.<Dmj]\-t. w^j^h 

6fci«E^7:►^2S^$:^:)^*-7-^C^^V^T. g(0#piQ(7:)_biii;^rj^- 

(fi(SMJ) J: «9^±ar**>5Jlfi. S e ^ 5 X 1 0 ^ 8 c 

m- ^a_btC rT'L/ilGa I n VX^^:Lt^W^t 
[0 0 2 7] ^fc. f*5|^3Sl 8BBi6C7:>^0>^fi. tt*Jl9 
c ^ 5 X 1 0 ' 8 c m- i^ hJC K— rb/cG a I n P 

[0 0 2 8] ^tz. m-^^ \ 9mm<D>^m\t. m^^\ 

[0 0 2 9] ^tz. tmm2 ommomma. nmm-i 
30 mm-^^.mn.mmmt.tzit^A-^i^^ tfi^^i^^-mic^j: ^) 

[0 0 3 0] 

m-^\^^xtm-t^. m2\f^^m\^i^^^r-m{^wjtm'^ 
oymj^m^^-tmxh^o im^^m^.-t^t^ z.o-)^!^ 

[0 0 3 1 ] ^ r-c\ ;^l&P^(7)^ 1 orMmmmxit.. ?5 

40 tig 2 ( A I X G a I - X ) a I n 1 - a P t A s 

i-i(0^x<l. 0<a^l. O^lSDfj^h^J: 

-^/wfziA I y G a 1 - y ) I n 1 - ,i Pv A s 
r-v(0<y^], 0. 5</3<l. 0<vS'i)^^h 

[0 0 3 2] 1 O'i^JSff^llT'Ji. ^^y h^m 3 

(i. G a P G a A s (Om(^:>Wt^7^^±^^-t ^ A 1 ^^g" 
/u^c (A 1 y G a 1 - V ) I n 1 - Pv A s i - v ( 0 
50 <y^l, 0. 5<i3<l. 0<v^l)r'^>9. Ga 
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/l2(±(AlxGai-x)« Ini-nPtAsi-t 
(0^x<l. 0<a^l. 0 ^ t ^ l)t^hti:^CO-X:\ 

$^Bfo:>fl^-^:^'^i^^ <: jr^:^-^^) ^ 6 o o njnXK}M^^i^M:o:>^ 
ti:h-r. 6 0 0 n mi l9:l-V^^S;i:^7)^p\^^^^C:^o^/^Tt) 

[0 0 3 3] ^/c. :^|§P;i(7:)m2(7:)^*fe?f^^.i?{i. 1112 
(7D^#f4s:^3fe#7-{«l:|b't^T. m\±m 2 {i(A 1 x G a 
i-x)«Ini-.iPiAsi-i(0^x<l, 0< 

m 3 i±m'\±m y Zffi-i^^ < O a P i: O 

a A s ^Ofs1(7)*g-i^^ik^^ri-6 A 1 ^#A^ff (A 1 y 
Gai-y)/i Tni-/iPvAsi-v(0<y^K 

0. 5</i<l. 0<v ^ l)f}^^j,tji^ ^ ^"ru^^^^, 

4^:::^c$^/^T. m'^^MZ t ^ "7 y VM'^ t(om\c\±^ 

^ :y KH 3 J: /J^ ^ V ^ ( A I z G a 1 ~ 2 ) V I n i - v 
PuAsi-u(0^2<l. 0- 5<y<l. 0<u 

[0 0 3 4] z.o-ym 2 o'ym^mw.xn. y vm 3 

GaP<^GaAs t o:>f^O-)^^^'^^^ ^-f A I A/ 
:rc(A 1 y Ga I -y)/3 I n 1 - /3 Pv A s I - V (0< 

y^l. 0. 5<^<1. 0< V ^ GaA 

^^yyt-x^<mmm\:.\^^mxh^D. ±tz. (ai 

zGai-K )v Ini-7PuAsi-u(0^z< 

1, 0. 5<y<1. 0<u^l) t^ht^i^it:^^^ YM 
5 J: ( A 1 X G a I ~ X ) a I n i - « P t A s 
i-i(0^x<l, 0<a^l. 0^ t^l)f)^hti:^ 

G a A s mm^ {'W.^mA x,n^}.-t^\.^A 1 mj^Jc 
Kjg3{;i^Lr^.^^^i-5::<^'b-t:'#. 

t^-f5) r<tt.-e^5o $61::. G a I n PJtG aMjSc 

^ yy'^Vt^h^ < J^^^c Sandip^CAppl. Ph 
ys. Lett. 60, 1992, pp630'-'63 

2) fcJ:§y<>HM-i£^(7:)^f«t'9^#%i^-r5^. ^< 

> K^> yy^o^^^iU-t^BM^rnxUz. ^ . filb'm^^iRilc?:) 
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Gain P--A 1 ^WM-t^t. 

mm^^m(D:)j:^>x^\,\ g a a s sis±^it-e 

tl. -^^^.^A 1 m;5)c(7)A 1 G a I n P KUtC-T 
Ga I nPm^#Fimto:^m{z±^fj:m 

Ml.. '4:.mM(Dm2o:>nmmm{zxtn'£. ^;^vK/i5 

(DA 1 m^^flfcST#5 0T% ^^J^cC^^^vO K^ig 

10 m^mhH^. ZtliZ^ t9 . ?A^^A 1 G a I n P^$^^4 
J: 5 ^fe - if -CPnWe o fcgT^^'fl (Dy<:y K^iS 

ni(^:>^'^t'^i^^ < Jlst>^e:n^\ 6 o o nmj: KiM\^^^^^o:) 

^t^h-f. 6 0 0 nmJ: ^9M-V^^^£-JS^7)^^S-7-(c::^o^/^T 

[0 0 3 5] ^f^. ^%mo:>ms(o'miMmx\'i. m2 

20 ^ . ^FJiiiCA lxiGai-xi)ai Tni-«i 

PiiAsi-Li(0^xl<l. 0<al^l. 0 

^ 1 1 ^ i)f)^^f^^. m-WMniA 1 x 2 G 

ai-x2)/r2 Ini-n 2Pt2Asi-l2(0^ 

x2<l. 0. 5<a2<l. 0^t2^1)/j^6 7:c 
0 . ^ 7 :y Kii 3 {i^S'N* 2 J: ^9 K^> y 
<. GaP<tGaAs,t ornlO^J-T^^^^^i-^ A 1 ^ 
^AyfziA lyGai-y)r^Ini-/^PvAs 
]-v(0<y^l, 0- 5</3<l. 0<v^l)7i)^^ 
^=^"9. --•rpjg^aS4t:::^oV^T. ^'SttJl 2 ^ ^ y Kg 
iO s^coF^fcfi. ia3lc:;^Lfc^Is]^t;i. y<i^y^-Yyy 
^^^?S-#.jl2 J:«9^t< ^^:y Kit 3 J: /h^ (A 1 . 
Gai--/)y Ini-vPuAsj-u(0^z<l. 
0. 5<y<l. 0<u^ l)70^f?/cC§3t;^f-r K)15;6S 

[0 0 3 6] ri7)|g3c?:>^r^??^^-T:it. i7 7 3 
(1. GaP<^GaAs (7:)rR^(D^&^^lS^>fi-r'5 A 1 
/wtziA ] y G a \ - y) a Ini-/?PvAsi-v(0 
<y^l. 0. 5<i3<l. 0<v £ l)Xh^) . Ga 
A s '^-m^mR 1 i::?fMi:'# ^ ^ ^ :y Kiim4 J: ^ y<:^ 
40 Y^^y:ffAk^<. m.Wi^it\z^nx^^Oc t.tz. 

(AlzGai-z)y Ini-vPuAsi-u(0^ 
z<l. 0. 5<y<l. 0<u^l) t^ht^^%-^-< 
Kg 5 . ^3X.U^ (AlxiGai-xi)ai In 
i-«iPiiAsi-ii(0^xl<l, 0<al 
^1, 0 S t 1 ^ 1 );6^b^^^ftT-#r''<h (A 1 X 2 G a 

)-x2)a2 Ini-o2Pt2Asi-l2(0^X 

2<1. 0<a2^1. OS t 2^1) f)^C^fj:^Wmm 

13^^ KS 5 0A 1 lljjJt^ffizt-C-^. 

50 \mL. tmn^^'^mm,<D{mLm\zx.^wit^m^^AL-^ 
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(7) 

// 

> K'^> y :7^{±/h$ < fji^o Sandipb (App 
1. Phys. Lett. 6 0, 1 9 9 2, pp630 

— 632) V^^^^mo:>mAh ^ 

Gain 1 ^^^ni-^ {r^M-'^^^-^^^'- 

m±mm^mm(D')jii^i^%\^\ t^e^it. g a a s 

it"e{i;^#?'<^ A 1 ,mi^Jc<Z)A 1 G a I n P^'Jf^-^ VM\^ 20 

5 (7) A 1 %ml^\Mk'<:^^o-^'Q^ iK^ftBM^^^<i^ 
mm.tmhf\^^. rtLtCj:l9. '^-^K 1 G a I n P^^W 

3*^^:6^ /J^ ^ 1/ ^ i6 <7) ^ y r (m^) :7o— ;|: 

^(7:fX\ 6 0 Onmi:'9^VN?S:i:(7:>^/^bT. 6 0 On 
met 0:^-VN«J^-(?D^7tm7-tC:fol>r fijSif 

mi, m2 ifcfit; 3 o:)mmmmo:>^mi^m%mji^^^-^ 

V^T^ ^14:11 2 (i. A s ^-g-A^T*l/^6(A 1 X G a 
i-x)n Ini-nP<. Asi-i(0^x<K 0< 
al^l. 0 ^ I ^ l);^>^ib^cfoTl^5o 
[0 0 3 8] Z<D^4(DnMMmX'it. A s (7:>mMii^< 

> ^y:f^yh^<-t^<DX\ 1^f^^®:;6^Ga P(rifi 

-g^-et^. 6 3 5 nm, 6 5 a n m^^(7) 6 0 0 n m J: "9 
Mm&(DmT-{^nit^X^ WMo:>G a A s 

^?Sft^S^^[.J:t7) 635nm, 650n m^(Dm-^i^^t-< 
X±^:^j:y<i^V^^ yyo:^^:^ y KJl3i:/^t9. U 

[0 0 3 9] ^/c. :^mmo^msommmmxit. ±i-d 

V^r . Vm 5 fi. A 1 ^^^/c^V^G a y I n 50 
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i-yPuAsi-u(0. 5<y<l. 0<u^l);6^ 
[0 0 4 0] ^cDm"5 0^»^^{i, ^^"^m-GaA 
K^-f :y:/(Dm4^#5yta6tCfiA 1 m^^iSMT* 

^^^ti^im^Lxf^^ntzi^iDxh^ . ^(Dm5(Dm: 

mmm{:iXti{'X. ^i^m:i^t-<Xit:^^'< KH 5 o:>a 1 
^iJg:«-e# -So i5ij;t(i'G a A s 1 

0:>{A I 0 . sGao. 5)0. 5 Ino. 5 P;i^jlV^^ 

tiX\^^^t\ msoyMMMmo:>G a P^Ga As t(^:)m 

om'^'mi^m-r^um^j:^t. a i ^^^/^v^Ga 

0. 7 Ino. 3 Pf:i J: *9 ~ (7:)/<V K=¥> :yy?SS;0^a 
^^tl.5o ^o:)fzdb. 6 3 5 nm, 6 5 0 n m^^tO^!!^ 

Aucmm-r^$\=-m^mf^^mm. mmm'^ 

^mm.^i^mx^^-tmi^cx^ . ^^>;0}m^{^i±^^ 
^zt^'^x^. ^}^si6^;{bL{^< </^i9. miJdtiXh^^ 

[0 0 4 1 ] ^/c. :^mmoym e o:>mmmmxit. ±m 
mi. ^2. 353, m4^t^am5o:>^mmmo:>^mi^ 

-^g^^^tCjoV^T. 7 5/ KiifiA s ^-g-ZuT-V^^ (A 
lyGai-y)/* Ini-/iPvAs]-v(0<y^ 

1. 0. 5<i3<l. 0 < V < l)/J>^/^^oTV^5, 

[0 0 4 2] (10 0)iSi^(l 0 0)7i^b(DM#;6^/h$U^ 
GaP, GaAs, G a Po. 4 A s 0. e^ftiJtt^MO C V 
Bm^X A 1 G a I n P ^J^feiiri-^ t . J^:l:3^-tiJ(C t n 

y^ tmt^^uiiikxmfj^^^mm^thfzo z,tm. a 

1 I n Pm<DA 1 MJi^lc;:^^>c^v^m'^^c:#{:l^l^T'feo 
^^i-l^l^^?:^:*?. h»*b</^l\ j^JcJgr^t-A 1 

x\^^ y^'/jmf^^ri^o ':^m(^mm^hit. Aica 

I n P)vJ(;:K'ti{c:A s r. ^ T t p y ^ oy^^}^^ 

^^^T'^-sr <t^mu^aibfco mica). (b)(cfi. 

(1 0 0)\Mij^h [110] :^|pJ(C 2^ o f f LfcG a P 
0. 4 A so. 6:xeS&L(7)A 1 I n P (Hi 1(a)) A 

1 I n p A s (m 1 1 (b ))<?:► ^iwi/-^/u><.^— am 

^^^xniy—) ^M^yj^-to ::rT\ 1 1 (a) <da 

\ I nP tm I I (b) C7:>A 1 I n PA s <^{i. 7 5 0 
VXfi%M l^fZo A 1 1 n P A s 0:>A s mj:-3c(l^ 1 0 %-e 
feo/zo t p :y^{iJ$;^*#t::'b«l^ff L. Al I n PO 
ji3cfi:r^iS:^7 0 0°C^^^ 7 5 0 =C(C Jr.tf 5 CI ^ t p :y 
:^^?^ffi^i&M-et^cy&^ nil 1 (a)(::7r:i-J: ^{C^ff^ 

(b)(c^-rJ:9(c. t D y^mm^Mm^^^zt^'-X 
t/c. ^S?Ug^7 0 0°ClcTtfTt>f^J^{ct: P y 1^ ^; 

}iLr^mmLtio a\ t.tii-±Gao:>\^'xjyyuy 

hmhk^m^ibtl^tzi^:>Xh^t^:^^ti^^ Asmh^L 
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13 

[0 0 4 3] ^tz. ^mm<Dm7 (Dmrnmrn-xsit. ±m 
^2, ^3. ms'^tinm6(Dmmwm(D^^mi^ 

[0044] t^3l€OG a A s ^1S±(?) 6 3 5 n U~ 
MtH- (^{^IGa I nP) ttj:^^ #F'"*i75S^< /^<9-r 

«7:)T\ K^3i:f9*&^^^#:7)^:^#i/^*^$^^^FJ1 
t^(?:>Fit^6 3 5 nm'^u-if^tit^SBt-#^:i^;^^ 

[0 0 4 5] ^fc. ^|gP^(7^^8<7)'^:W^^.-e{i. ^ 

1. ms. m"4. 1^5. 'm6-^ti\tm7(DmmM 

mo-)^mi^m^m-r-{^:^^'r . ^mi^m^K i {^g a p a 

[0 0 4 6] :: co^ 8 o-)'MmMMxn. O a P <^ G a a 

s t(7)rBl<7:)fe^^m^^<^5G a PA s GaP^fcfl 

Ga As^^^l Ji(c:Jf:< m:t\t3 0 mn(Dm;^{C) 

ML. '^mmcG aPAsm^kt^^j:^^h<rj^VPE, 30 

m^^y^^m^'^y4 {'pfj:< th^^ Vms) om J' 
[0 0 4 7] ^tz. ^mmoy^:9o-)mmmmxi^. m 

1, m2, 113, ^4, ^5. m6^f::li^7(7);^-m?F^ 

ai(0^?^f^^^i:^^{:i:fo^i/^T. 1 (iG a A s 

^fc(lG a P;^)^e>7:^ ^9. I^l4{c:.i^i-J:9{«i. 4^^f*Sti5i 

[0 0 4 8] rc>S9 0'^:W^]^"ef±. GaAs^/cfi 

Ga pm^\±\::^^^m^m^-r^m^^<yyrme 
[0 0 4 9] f^^3. m9omm]\mo:>^mi4^mytm'T'{^ 
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[0 0 5 0] z.(r>X.b\^. ^''\^—^ y Ym^W,'^i\^<y'^ 
o:>X^ ^m^W.t^^*\^—^yYm^^±M\z.lSL^'^^Z. 

[0 0 5 1 ] ^tL. m9(n'mmm<o^m^^itmi-\z. 

[0 0 5 2] ::<7)J:^{c. ^^g^&-y«5t^^^iv<'>:7T 

[0 0 5 3] ^/c. m9(nmm^moT^mw-^im'^\^ 

4b^i/NT. Mfp>'<iy:7r@6fl. ^ ^ Kg 3 £?:>j?)(;ft?^it 
[0 0 5 4] r.(7:> j; ^ id, 'fS:ra^<:y:7r;i^|gfrM<^y :7 
n 4 oi^(fH'i4(7){ec r ^ P;^ c r ^ -e ^ 5 , 

[0 0 5 5] ^fd. ±wec?:>#^!i(«l4ol/^T. i|i^P/<:y:77' 
^6(c:|i. Gain P^fzliGa PA s ^^1/^-5 r ,t 

[0056] GaPAs ^/cflG a I n PJiHTcMMt? 
fe':)frilJ»;65^aT'#5 5o G a P A s ^fflV^'5^^'^. ^» 
f*StSt 1 ;6^G a P»JiOP$ftG a PtCA s ^;jPx.6fctt 

-ei5J:< . ^fc. ¥-W.f^SS 1 ;i)^G a A s ^S(7:)H-^=f±G a 

A s idP^;(3nx.6fciti:-a< > f|i"H»U-t--rv\ G 
a I rvP(nm't\t. ^m)dt;6^igl^v^[^;il5P3t*^t/=^:<o-c^ 

[0 0 5 7] ^/ji. iL^w>^^fz.\'tm9<D'mmmo:>^ 

0 o)LSj/^)>b[o 1 i]:trn5]{do° 7^^^ 5 4. 7" t^^iiiii 
-cMv^fifWi. (1 0 o)rgi/j^^[0— 1 i]::^[n]tc 

1 0° ;6^^b5 4. 7° 0$5PT*(Sv^fzifii\ rtl 

[0 0 5 8] -r^.^^-^-^. 1 0-^W)i{tL^. { 1 

0 0) DS;ii^ib [0 1 1 ] :^|p]fdO° 5 4. 7° (7)® 
ffltrffiv^/ct^co^-r^r (10 0) 

h [0 — 1 1] ;^-[^{ci 0" ^'-^5 4. 7" cofQla|-T?M 

s ^m^-j-tmiSL ^ f\.fz.^^\z.^^xm cajSJt 7 -< 

1 <7:^i5(^rfi^ \:.^(n^m:-\m'^^h. m'^fz.-)5^\cn\^ 
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[0 0 5 9] ^^r. _htem8^7tfi||9 0^W^^(7)^ 
{c:^3i:or. G a P A s Sl!^^®;a^1^1lSc6^5?f^(:iJ: 70 

I 0 0 6 0 1 G a P A s »S 1 <7:»^{i]\ ^f-fl. g^P^-< 

[0 0 6 1 ] ^fc. m'8lfe/cJ±|^9(D^»^l^£^4^^{/^ 20 

[0 0 6 2] irf^tyh. G a P A s ^^iljt 1 O^iS. ^fc 
(i. ^tfo>'"<:y:7rJ#6i7j<::S:mc':>^<^rSiJit-il. 

^mC:Lt^<X^^. 30 

[0 0 6 3] /^:|b\ r.i7):^l3^. jii7)#iti(7:>±p&i;65TD&i 
-3j^JLtcK— >^bfcG a I n P^i-5:ii:;i5T#'5o 

[0 0 6 4] -rt^f^h. :^m(D^m^i^. se^mm& 
[0 0 6 5] -ttz. m9ommMmo)^mi4^3^ytm'T-\^ 40 

*5V^T. %m\U<yy tMQ fl. Se^5X10'«cm 
- K— ■T'b/tG a 1 n P-C^5(7);i>Sj^V\ 
[0 0 6 6] ^l-^m^i}^M:>^^ 

m^. m^^mi^^^/uxm.^-r^nim^^\^x\^^s ^ 

K-:7'LfcGa I n P^ffiu^^r ,>r% 
[0 06 7] ^ f::, ±iii! \^fr^m<0^m-{^^±m'^^C^ 50 



mm 2000-307195 
75 

[0 0 6 8] -r/^:b*>s A I G a- I n P (As) 

(1. ^§?f^;6^^IStl--(7)A 1 c7)iJitfft¥^m/i^:^#<. /to3c^iJ 
(VPE) (i. UfAxh^A 1 C 1 
*^#m^tBJ5jc:M-& (MOCVD) 

^^v'-?^ (MBE) m¥W'm\^<^M\^^^^ij'^x^^ . 
m.^ m\\ mwMm^wm tt^'ox\.-^o-)x\ n b (?) 

Un<r>i^M:\^{-tmisbxm9)}X^ <9 ^B(c:/S:I:-C'^ 60 
[0 0 6 9] ^7t. ^WP^^:y:7r^6^c:o^^T'b. 

^ (M O C V D ) ^ ^ 
:^i/-?£(MBE){::J: t9. /^feS ^ 1^: -6 :i i: "C ^ ^ o 
[0 0 7 0] ::co:#'^tc(i, ^"r x^m^tn^cnm^B^^^m 

m.tn\:^mmxWi^c\^xj^^^'u-fj:o ^ tt^^x^ . -tt 

So 

[0 0 7 1 ] 

[nmm\ )^^ v'{c^^mkz.\^^^^mm{^-^\^^xm}\■T 
5o ^^iy. ^j.ToyMmmi-'MMm7kc^\^^x{-t^ ^-f-m 

i^Xfj ^>i^RiS bxi/ ^s ^'^mmo-)-m^mmtm 50^ 
[0 0 7 2] 1 

HM^i] 1 -C(i. ^-f (10 0) ili/^j^f^ [oil] 

15° o f f LfcGa As »^l l±tc, MOCVD^i 

{ciJ:^). Gaiaj^Jc^O, 5 7:)>f^0. 7^T:1^^{«i-a:fk^ 
its e ^ 5 X 1 0 > « c m- » J^.ht^ Y—y'X^fz.mWt^^ 
2 umO-^n-G Si I nP^ W— T"*^;/ HV<:y>^rJil 2^ 
ffiSL. -^(?)±i^:^il]-¥^ilifl::]l<ir LT S e ^5 X 1 0 
1 « cm- '^JL^A y=Uf-n-G a 0. 7 I n 

0 . A P/5^^/.c5III¥;i> 1 ju m(7:>,|ll^,]ci^— 1 3 ^kl^ 

mm^^X.^t. S e ^SSS (5 X 1 0 ^ « cm^ 
l^±^^$f:^LV^) ytfcG a I n PfiDJ]dh^Si6 

19 . S e ^ K— :/L/cn - G a 0 . 7 I n o . 3 P|R^ 

7ii5. -t-tnjc-rs - ^ti^m<:Lti)^^x^fZo <f\^ 
—"f y KJitcs e ^mM.mz.miS!i\^f:.(r>xikW^mY.(n 
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17 

[0 0 7 31 GaP^GaAs^ <nfii(n^^'^m. 

"CfcoTG a 0 . 7 r n 0 . 3 P <Dfe^^^ ^ ^ ^ n 
— (AlyGai-y)/?Ini-/?PvAsi-v (y 

= 1. i3 = o. 7. v = i) ^=7-yYm\ A mm-i)^ 1 

jum), (AlzGai-z)ylni-yPuAs 

i-u(z = 0- 1. y = 0. 7. u = 1 )7t:*r-i' KJl 1 

5 (MJ¥;^>^0. lA/m) . SfS!i^fl-r5(A 1 X G a 
i-x)o Ini-oPiAsi-L(x = 0^ a = 0. 

6 . 1=1) W-m.^-^'Wmm l e S n 10 
m) . ( A 1 z G a 1 - 7. ) V I n i - y P u A s i - u 

(z = 0. 1. Y = 0. 7. u=l) itiS^ Vm 1 7 (Hf 
J¥;6^^ 0. lA£m).p — (AlyGai-y)/*In 

1 - i3 Pv A s 1 - V (y = K i3 = 0. 7. v=l)^ 
^ :y YM 1 8 l/^m) , p-Gao. 7 In 
o. 3P^-y5/^/il9 (JfIJf:;5^0. ljum) . p-G 
aAs=i>:^^h^20 (lll)f:;6^^0. 0 0 5 /x m) 
:g$^tfCo Cw-e. ^^vVmi A, 1 8 joJ:T/;^V K 
^15, 1 7 {i. G a 0 . 7 I n 0 . 3 P,m;^i^— Jl 1 

[0 0 7 41-^Lr. ^f^-^^ Ml 2 O j-Jdfi. if^JtJg 

2 1 ,^ LT(7:>S i O2 piKijmil2 2 ir^^^fM^tt. ^ 

[0 0 7 5] r coHMf^fiJ 1 Trtt. ^ :y Kill 4 . 18 

jb^J:t;^^:;^;V Kil 1 5 , 1 7 a A s 

5tt-J: 6 0 0 nmj: «9 tiMt'^^ESi-fiS 9 5 nmT'^^-f- 
^^2gf$:U-f-';a?#f5ttyh. -^UT. 6 0 0 nmJ:<9t> iO 

^i/NfeS-e^^fT:)}^:/?)^/^^;^^-^. G a A s »S±^7:>^;e5l^ 
c7)6 3 5 nm^i. — if v^ f^ti 5 KJltc:l:l:-< 
TA imS^{fi:«i-S:i^75^T-#/Co z.(Dti}sb. A nc 

f>{^. ^iliSt^il 1 Tfil:^:lt-f^'rS-tiJl 1 6 {CG a I n P^ 
fflV^TV^5o Ga I n P(±G a <-r6^l^ f 

-So S a n d i p ^ ( A p p I - P h y s . Lett. 40 

6 0, 1 9 9 2. p p 6 3 O'-e 3 2) {C J:^''^^ K^- 

^(D:y^:^^;U^—(D^it\±A'^^\^\ Ga I nP-^A 

(7:>:fe7j^^±#i/>, g a a s »^±t#it-c{"±. 

A I ^/^JcOA I G a I n P ^3t:^V K)i(ci-^j^^.^;5^fc 
f9 , Gain P^^^WF^ii t (r>r^\:i:k^ fj:mm-^^mo:> 50 
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Kill 5, 1 7(7:>A 1 ia;7^^fS?)S-c^^c7^T\ l^t^^^iE 
iS^^O K^Ii^;6q#f>n5o «9. t^^A 1 G 

a I n^mm\cx.^m^i^-^xmmt^^hoti&m^ 

{fUlO/O- K^^g^^S/J^^l.^fc^^)<D^^ y T (m^) 

[0 0 7 6] ^fz. "^mnw^^^^^x. ^JyYm\ 

4, 1 8 (7)mi55c(l. f^\^m 1 6 J: 19 t>^^>' K=3f> :y7';6^ 
i^^<. A 1 ^^A^/c' (A lyGa)-y)/jIni-/i 
Pv A s 1 - V (0 < y ^ 1 . 0. 5<{^<1. 0<v^ 
l)^;fJi/^^c^;^<-C'#5o 1 5, 1 7(1. 

y<>'Y^-^^yy:^^^^y^y Kill 4 , 1 8 J: «9 t^^N^ < f£ 
tiili 6 t>:;^t<#f-7-XEm;^^^7:y Kill 4, 18 
tmil^Xh^ (A 1 E G a 1 - z ) V I n 1 - y Pu A s 
i-u(0^z<K 0. 5<y<K 0<u^l)^ffl 

^=7yYm^A, 1 8(7)/9c7)j|ti::J:oTl# 
Ptr^/i^^^^'ST)^ flf(M^:y:7 7^^ (12. 1 3) f?:):^ 
±rmi?:)t&^^m^^ ^ :y K/^ 1 4, 18 ^(Wjctc/^^ J: 
^ r t X9^^^X^ 

[0 0 7 7] tfd. G ^ AsmkKo-^miim't. do 

0) iSi;^^^ [oil] ^^fn](-;iO" ;6^^5 4. 7" (7:>|b 

i^. -^f^^-x. (10 0) mf)^^^ [Oil] i o° 
m'xmmtfj:i^^f^i^:dK itmtiu\ti\{c^ii m-t ^ t mm. 

^/c. ^fe(7)i5i:^r{>A^(i 0 0)®7^)^lbMlt5^i:-r\ t 

ixi±. Hm\\^<y'7ym 1 2, 1 3 t^'r^m-^^'^ 
mixmtf<Dx^^Bx$y^ =^ ^ hwt^^ V V vt^^^. ^ 

hhtMiX^^, ---T-cztg-g^gPT^^^A 1 G a I n P (A 

s) ^Mm'itmmf)^hmw^(DA i (Dm^mm^^x^K 

>^i^mcX:bm^}^M:m (VPE) ItfWMX^^A \ 

c 1 ^^^^Kit^w^m^'r^r^m:^^^h^mmxh^o - 

(MOCVD) ^fc:fiiJ>^^^ 
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[0 0 7 8] mmm 2 

m&m2i'^A s ^^A.tfA-f-i^^^^i±miiCX^ 6 3 5 n 
m, 6 5 0 nm#60*feU— if'-^-CDJ^^ffl^iJ^/^oT^^ 

t-'^^tixi^^o m&w^\2Xi±^ ^-r (10 0) m^-h 

[0 1 1 ] 1 5" o f f LfcGa A si^tel iJt 

IC. MOCVDjfe{::J:«9. Ga^fife^lrO. Sjii^f^O. 7 

^X^^.^lzmt^'^. Se^5X 1 0» 8 cm-'5J[^_b 
{C ^^bfcBl;?:;:)^^ 2 a/ m(7:> n - G a l n P ^V—t' 
h^y<^yyrm 1 2 ^S^L. -^COJitCS e ^5 X 1 0 
^ s c m- J[^J-JC K— ^^L/cn -G a 0 . 7 In 

l-^T-^^S-e^^^gfu^it^, S e K-^i- 
^f^^tlfc. o^tp, S e ^ :7'Lfcn -G a o . 7 I 
n 0 . 3 FMiSi^U-H 1 3 (7)#cg|C7) .htIi;6^FtS (S« 

[0 0 7 9] GaP,JrGaAs^ <7:>rRl<75^^:^^ 

tr'^oTGao. 7 I n 0 . :i P (7:)#1-T-aE^ ^ H/ ^ n 
— (AlyGai-y)/j Ini-/jPvAsi-v(y = 
O. 7, j3 = 0. 7. v^DiJ'^'yKJi 14 mm^^ 
lium)^ (AlzGai-z)yIn]-vPuAs 
i-u(z = 0. 1, y = 0. 7. u = Kli 1 

5 (fllJf:;6^'0- 1 jum) . J3:ii55i^W-r5 A s ;?)^^^tL 
^(AlxGai-x)a Ini-aPtAsi-i(x 

= 0, 6. t=0. 9)^-a^^F?£'|4Jl 1 iO 

6 (Mi*;!)^^ 8 n m) , ( A 1 z G a 1 - z ) y I n 1 - y 
PuAsi-u(z=0. 1, 7 = 0. 7, u = 1)^:^7 
-fK/i 17 (SIi¥;6^0. lA/m) . p-(AiyGa 

1 - y ) /J I n 1 - /3 Pv A s 1 - V (y = 0. 7 . /9 = 

0 . 7 . V = 1 ) ^ K/f 1 8 mW-y)^^ 1 /z m) . p 
-Gao. 7 I no. 3P^-t5^^)il9 i^^J^^'^ 0 . 
1/im) . p -G a A s ^ji2 0 (}|ilf:;6^ 0 .. 

KJ^ 1 5 , 1 7 l±. Gao. 7 I n 0 . a P 

[0 0 8 0] -frLT. "7 Ml 2 0 

2 1^ LTOS i02 <i: p{KijmS2 2 i: ^^ff^J^jci^ tl. % 
tz. S«l 1 <7:>^Ki^{^ntijmi^2 3^S?fM^tLri^ 

[0 0 8 1] mMM 2 <D^y 7 :y Kg 1 4 , "i 8 oyl^j-'jjE 

§kX{±. Al Ga I n P(7)'|^Tv<> K^> >;/■7'';6^/J^^V^ 
Gain P^m\^^Xhe 3 5 n m ^#5 f^M^Ti^ 1 % 

6{cAs^mmi.xy<>'\^^^^yy''^mmi.tz. hh^ so 



000-307195 

20 

^MLfj:<Xi^^h\ 
[0 0 8 2] mmi^'i]2(Dmm\^XV . i^fi6 3 5 nmr- 

mmm^x^^i'jm^mm^)\'-Fm^m\^^^fzisb{c 

^:zt^m^l.\^\ i^yyVmiA, 1 8*5j:t)<7fe^V 
KJi 1 5 , 17 i)m~^o:,G a A s ^i^tCt^-TM-^i-'SW 

^yT^c?)^*^^^^^^.^^^^^^^ \^xm\^^^:^ti)^X% 

^(Dx\ ^i}^':^(OG -a As =7 ^yvm 

^m\^^fzmfx^m'i')\'^m\i^):t^xp^^^%{-xm-< n . 
^'^(ommmfi^^W.^Mz. ^fz. 7t;^-r KSoliii:^ 
{cbJ?:>^A I m^t±0. 0 7T^^i9. tiG^i: i^lS^T 

^)}mr-\f^±i.fz. -^fz. Mm^^^^mm>iJkm^tl. m 

[0 0 8 3] ^ . ^ ^ :y K7S 1 4 , 18 o:)m.h)ii'i. 
t4il 1 6 J: «:) ^O- h^^-Y yy^^X^ < . A 1 ^^/utz 
( A 1 y G a 1 - y ) / ^ I n 1 - P V A s I - V ( 0 < 
y^]. 0. 5<i3<K 0 < V ^ 1 ) r <h;OS 

^7t. )t::^VK^15. 17(i. ^<>'K^^:y 
:7'/5-^ ^ :y Kl^ 1 4 , 1 8 J: «9 /J^^ < fStiS 1 6 J: "9 :^ 
#<1^^^mx)5^^:y KJi<b|JiJi:"e^^(A 1 . Ga 

l-z)yIni-yPuAsi-u(O^Z<l, 0. 

5<y<l. 0<u^l)^j|Jl/^6r. ^ 
mm ^#F-et^^V\ ^^:yKigl4. 1 8 (7) j3 

<:'):^-Jbtii(7:)1#^:rHiSc^^ ^ :y l 4, 18 tmZ{zfj: 

[0 0 8 4] S/c. '^mm2o-)j:oi:i. GaAs-i.i:4Si 

1 (7^ifi:^fv:{± (10 0) [o i i ] :'5"ioj(::o° 

P:)5 4. 7" <7:)f1l[g,^f-{l, ( 1 0 0) [0 1 

1] A"[n]tc:i0' ;6^b5 4. 7° C7:>tal2|-CMV^TI'^6 

[0 0 8 5] H/M^ll 3 

1 2a:>Jtmx^^o -i-^Jii^h. mmw^lsxn. (1 0 
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0) ^f)^h [Oil] 15" off L/cG a A s 

Stel 1±(C. MOC VDfilCj: (9 . PUf&^Ot^h 

/imCOn-G a P A s V^'^M.^^^ y y r M 

12^mM\^. ^C7)±tcs e ^ K— :/b/cn-G a P 
0. 4 A so. ^f)^h^J:m%W-fi^lum<om.f&^}-M\ 

mi. iiffi0^j2-e(iGa I nv^^'^'mw^'^yyTm^^ 

ffiV^r^/^57!^^ HM^^jST-fiG a P A s ^I^^^^P^'^ 

[00 8 6] ^Ijgf^J 4 

4 ;6^^^iii5iJ 2 ^ ^ ^ ^ fil#^^liiFn>'^ yyrm 

1 2cof#5t-e^6o i-Tt^t^^^. ^:I^F[l4Til. (i oo) 

mt^h [oil] 1j\^kci 5° ;r:7 L/^G a A s ^teil 

i_btc, Moc VD^tcj: , l^etc^i-j: Ga 

A s ^ffi 1 1 k^^^^^-r^ G a o . 5 1 n o . 5 P <ir 

-7 :y 1 4(7:>^t?-AE:fC<^[Rl C-C'fe-SG a 0 . 7 In 
0. 3 P^id^Jb^'^C^S e ^5 X 1 0 ^ 8 cm- 3 J^_L{c: 

^^<yyTmin-G a I n P^G a I n Pmt^-J'''<y 
yrM) 1 2^fIliL. -^<7:>Jtics e^5 X 1 0 ' 8 c 
m- 3 J[^A±tC K--:7'L/- n -G a 0 . 7lno. a PtJi^ 
hfJ:^ 1 M m(7)mj5i(;i^5— 11 1 3 ^/5jc:i:L. ftT-^^M-g^^ 
lifp^-MrfCo <t!lfi^]^^J2 ^(^C-e^5o 'Mmm4:{:Lis 

[0 0 8 7] 1{3*M 5 

1 2<D^jt"efe-5o -r^'c^t^-'b. 5 r-fi. (loo) 

rli;!)^f? [Oil] ;^fp]fc: l 5° :?l-:7 LfcG a A s i i(? 
1 _bt::. MOC VD^tdJ; «9 . ^ ^ >;/ KS l 4 (7^1^^^ 
&i:fRli:-efe5Ga Po. 4As(). B ;6^b7'cj:'5:^ ^ :y 

{£?^^^T-MfP/^ :y :7 7- Ji ( n - G a P A s \^U^< yyy 
W) 1 2^fAiiL. ^(D.VAZ.^ e^5X10^«cm 
-3 J^±tc:K— :7'bfcn-G a o. 7 I no. s P;5^^ 
J^c^^)it'jf:75^2 /i mc7X^fiKSi^J in 3^/i^:^L. #r^^^ 

{«l4oV^Tl.'K«i^(l2 ^fW]C^^:^^#fc. 

10 0 8 8] ^Atf^il 6 4(? 
^Jfei5iJ6{lA 1 Kilt::J:5 6 3 5 n 

m. 6 5 0 nm^t7:>#^U~if-^(7))J;fflfi?^J^/^oTV> 
5o ^*^ll6T-{l. ;^-r(l 0 0)®i;^>^jb [Oil] :^fS] 
(ri 5° 7h:7 L/cG a A s ^fi 1 1 MOC VD^£ 

\z.^^^ Ga^^^o. STij^bo. 7^-e^^(-:i'aMl^^ 

it. S e ^ 5 X 1 0 ^ « c m- h{C K-:?^ L^cBIl? 
;55 2 /i in(7:>n— G a I n PiJ^'U— 7^5/ Y^'^yyrWi 1 2 
^ailL. •^c7:>Jt{::s e ^5 X 1 0 1 8 cm- ^ J^±{;i 
K— V'L/cn-G a 0. 7lno. 3 P;^J^ib/^^fliI¥;d^ 
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e ^ K--:7'Lytn - G a 0 . 7 T n 0 . 3 Pll^T^ti^-ji 

1 3(7:)#ia(7:>.hSj^s FSi(SMy) J: ^9 ^^iB-r-^ofCo r 

[0 0 8 9] /^J^. GaP^GaAsi: i7:>rHlc?:'|& '/"AEf* 
-CfcoTGao. 7 I no. 3 P H/ ^ n 

— {AIyGai-y)/j Tni-3PvAs3-v(y = 
0. 7. i3 = 0. 7, v=l):?'^.yK]fi4 (flgjpi^&s 1 
m) , A I ^ ^ ( A 1 -/ G a 1 - X ) V I n 

1 - y Pu A s 1 - u (z = 0. 7 = 0, 7, u=l)3t 
;tf-Y 1 5 0 . 1 m) , ill 7 {C^(0^3t^:^ 
i-J: 9 {^EE*iM^^'i-5 (A 1 X G a 1 - X ) a In 

i-aPtAsi-i(x = 0. «=1, t=0. 3) 3/ f- 
F)l(IIJi:;6^8 nm) ^ A 1 ^^*/<frV^(A 1 z G a 

\ - 7.) y I ni-y PuAs i-ii(z = 0, y = 0. 

7 , u = 1 ) PSMJl (jaiif:^^ 1 0 n m) t^^'Mz. 3 
^$tlfci#mftT-#FV?^f+.Jl 1 6, A 1 ^^-g-^/^l^CA 

lzGai-z)y Ini-vPuAsi-u(z = 0> 
y = 0. 7. u = 1)^;^/V 1 7 (BIi?;5^0. 1 m 
m) , p — (AlyGai-y)u Ini-/}PvAs 
i-v(y = 0. 7. j3 = 0. 7, v=l)r5^7'>'K^l 

8 Ijum), p-Gao. zino. aP^^^y 

1 9 (flgilTi^ 0 . ljum), p-GaAs^i:/^^!- 
^20 r^:75S O . 0 0 5 M m) ^J7feM-t->5o i!^ ^ 5^ KJl 
14, 1 8 43j:U<^;tfV 1 5. 17tiGao.7l 
no. 3 Pt^^^^S^bTI/^So 

[0 0 9 0] ^LT. ^V^J'^ hii2 Oidfi. ^^Jtllt' 

2 1 LTCOS i O2 <Jr piRiJ'l:fr^2 2 ^ 

S+^I 1 (7:>Si&i{:ifinfMmiii2 3;65if^jj)c^ttTV^ 

T^^jc ^ nr V ^ 5 ^o^w^^m v ^ 5 r i: -c^ 

[0 0 9 1 ] r (DHIifef^il 6 ^ ^ :y Kit 1 4 , 18 
-r-Xil^Tti. A 1 G a I n P(Or^Tv<>^ K^> :y:7^;^)^/J^ 
^l/^G a I n P^PWl^-Cl) 6 5 0 n m^#^ {Cfilti.^^ 

H 1 6 {dfiA s ^^:;jPLr/<> K=¥'\' yV^^IJ^ML/io 
^fc. Ga I n P{iGaMl3)c^^J^^<1-^^^^:£m;^^^ 
< <^ ^ t>tcx<> K^'-v :y ^fl/h^ < ;^^-5o Sand 
ip^ (Appl. Phys.Lett. 60. 1992, pp630~632) J: 

A/^■'^fhL-rv^/^^/^, 0^*9, A 1 :7 !; — (7)f7-Y K=3r> 
^y^Ga I n P^;i7V Kji<t rtiJ: JQl^T-^ic/j^^:^^!/^ 
IdEffi^Ga I n Pft7-#Fji<^'(7:»--T-ng^^ft:^<t. 

f^e^feA I Ga I n P ^^^IWl- J: l/^if Tfpll^'C*? 
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:^t/}m^^^tl^o G a I n s ^;^]Di-'5 

[0 0 9 2] miMM6(Dmm:iX^ . 5 0 nm-C 

foo/co ^ Vmi 4, 1 8:ioJ;t/^;{7V Kii 1 5, 

1 7 7bm^<oG a A s mm^^'^m^-t^un^x ^ ^ 

^lt^^(DG a A s mmc^'f-m^'T^ ^^y Kg^^]V^fcl 

;6^{g:?^$ti,7to Kill 5, l 7:foJ:W1^F 

m 1 6(CflA I \^r^<DX\ A 1 (C^DIS 

I 0 0 9 3 1 ^ Kii 1 4 , 18 c7:)mji3cli. i'S'Nii^ l 
e ^^yO^h^^^^y'T'j^j^J^^K A I ^-^A^/^^ (A 1 y G 
ai-y)/i Ini-/jPvAsi-v(0<y^l, 
0. 5</3<l. 0< D^ffll^^r i:;?)^-C#5o 
*fc.^^:yKgl4, 1 8(7)/i(Offi(cj:oTfe^-y(E'i6: 
;^>^^:b^;6^ l5g-f-|i;Fn/< :y :7 r ^ 1 2 {7)j&±fii(7)1^^^ 30 
Wl^ ^=y y KJl 1 4 ^ r^l i:^{c:7t^ 5 J: r. ^ xn 

jt^x^^o t.tz^ mmmexa. mmmi^^y^ ^ i^'mi 
mt\^n:^\tiift^ztx\ ^'pmo^^^^mmi.. ^ 

[0 0 9 4] ^/t. ^jM^']6(7:)i: G a A s l 

1 t7)iSj::^fiZ:fi. (10 0) m^^h [oil] j7{t^{:io" 
t^(b5 4. 7" <Dm.m. I^fcii. (10 0) im;^>^^ [0 
1 1] :triRj{:ii 0" 7i)^b5 4. 7° (7:)rB^fl'xrM^.^rl/^^ 
^^M^^J-omf^^nMX^^o-yx\ y<>V^-Yy 

ycDm^p^m <:itt^x^. w\ \Lm%x t> ^ ^ Kii i 

4, 18, KUl 5, 1 l-h^V^ Y^'t yy'\^^Si 

6<7)-tr$:?^ LV\ ^fz. W^m^X\-^^^mw^<yyr 
ill 2. 1 3 <^--T-D^^^^^MOC VD^fetdJ: t^fiJt:^ 
Lfc;5^\ MBE?£ (5^-7-^^t:'^^rv— ) Tt>iSfi-eft 

-So 

[0 0 9 5] |liig0''J 7 

IIM{^l]7iiA 1 ^^.~^fs:\i^%iS ^ KJ1{::J:5 6 3 5 n 

m, 6 5 0 nm^-£7)#^l^— if--W£;>IJi5iJ<!r/j:oTl/^ 50 
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^tef^ll 7 ^"fd 0 0)117:)^^. [0 1 1] 
tCl 5= o f f LfcG a PS-fSl l-b(-^ MOCVD?5fe 

{^cfcl^. Gam^^ 1:6-^0. 7 8^-T?^>!rtC'^ft:$ 

s e ^5 X 1 0 » s c m- ^ J[^±(c: K— :/LfcSI/i: 

1)^2. nm<Dn-Ga I n P^TU— hV^:y:7rJll 2 
^aSb. -^(?:»_bt:iS e ^5 X 1 0 ^ « cm- ^ i^±{;^ 
K— :7'L/c n — Gao. 78 I no. 22P^^^/^^Bf 

1 /i m(7)mi5jci^-ii 1 3 ^p%^ 

S e ^ :/bfcn -G ao. 7s Ino. 22 PIRIjIc 
±^J-"So#gi(7)±in;i»s r^*(»^{M) J: "iJ W-mxh^tz, 

-r^mtzf^^^rn'Mm^^mc z tyy^x^ rxic^ g 

a P ^ G a A s <t cor^gol^T-AiillJ^-^rfeo-tG a o . 7 8 
Ino. 2 2 POfe^^iSc^^-UV^n-(A 1 y G a 
i-y)/jIni-/iPvAsi-v(y = 0. 7, 

0 . 7 8. V 1 ) ^ ^ >;/ KH 1 4 (MiP/i^ 1 m) , A 

1 ^'g-*^.e»/^(A 1 z G a 1 - z ) V I m - y Pt. A s 
]-u(z = 0. Y = 0. 78. u=l) Kil 1 5 

(Bgi¥;0^ 0 . 1 M m) , 1.^1 7 tc-?r(7:)^^it^^-r J: o l^a±m 

ilF.^^i"^ (A 1 X G a 1 - y ) a I n 1 - « P t A s 

i-l(x-=o. a=K t = o. 3)n:^^m-^:it-Fg 

1 6 (mJ^^'^S nm) tAl ^i^^fj:\.HA 1 z G a 

l-z)y I ni-yPuAsi-u (Z = 0. 7=0. 

7 8. u = 1) mmm mm> i o n m) <i: fy^^m:: 3 ^ 

lca/l$nfc^S*^:H^F?g-'l*ll 1 6, A 1 ^t^^f^l.- 
(Al zGa]-z)v Ini-yI^uAsi-u(z = 
0. y-0. 7 8, u= l)yt:^'4 YMl 7 mm:^^0. 
1 fjL m) , p — (AlyGai-y)/iIni-/iPvAs 
i-v(y = 0. 7. 3 = 0. 7 8. v^DiJ'^yKii 

1 8 (mJ^^^ 1 /im), p-Gao. 7 Ino. sP^-V 
:y 1 9 (fll/lidS 0 . ljum), p~GaP=3>'^^h 
ii 2 0 mm^- 0 . 0 0 5 Ai m) ^^^gi-r^o ^ ^ :y YM 
14, 1 8ioJ:t/:^:;i7'-f KJl 1 5, i 7 ^iG a o. 7 s 
Ino- 2 2 PfC^^T'll'g^bTl/^^o 

[0 0 9 6] ^LT. =3 V^i^ hjl2 0±{C{±. ^feltlli 

2 1^ LTC?:>S i 02 t pmMm2 2 <t;6^B;iJ^^n. ^ 

fz. mmi io:>m\Eia-inmmm2 3r-w^h^^tix\^^ 

xmf^^tix\.-^^K i^(Dmmt:m\^^h^tiyx^^, 

[0 0 9 7] 7(D^yyYmi4. 18 o:f^^^ 

fcT'fi. AlGa I n P04^-t:v<> K^Y ^y:7';5S/j^^^,^ 
G a I n P^/fil^Tt> 6 3 5 n m ^#5 

[0 0 9 8] 'Mmm 7 (7)tm{:i J: f9 6 3 5 n m-CH 

Mi-5¥'3gf*t/— 9^;6qtibix^-o fa7t(lTE^- Yxh 
ofc^ ^^:yKMl4, 1 8:^Jj;a<^;^V Kg 1 5, 1 
7^m^o:>G a A s SSfcfe^S'g^i-5+:t*4^^ J: ^ 9^ 
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m(Dmmmmm^i%fz^ Kgi 5, i ? 

[ 0 0 9 9 ] ^ KJi 1 4 , 18 m\^m 1 

eX^y<>^V^-r^yy^'^-X^<. A 1 ^#A./-f (A 1 y 
G a 1 - y ) /J I n 1 - /i Pv A s 1 - V (0< y ^ 1 , 
0. 5</3<l. 0< D^jfjl^^r ^^d^'T^t-So 
^/c. ^^:>'K]f 1 4, 1 8 c;:)/^ (7:)iittc:j:oT#r^^i5c 
;DS^t>'57li^ ^#-7'M^n>^^:y:7TJi 1 2, i 3 (Dm-tW\<7:> 

[0100] ±tz. mkm? 0:^x0 j<^. GaAsm^hii 
1 o:^mJDi\LU. (10 0) m^^h [oil] jj\^{co° 

^^h5 4, 7° (D^m. ^tzit. (TOO) m^^h [0 
1 1] :fr\ts]{:il 0" /J^^5 4. T'^ c^^^aaffl-ePA^Tv^^ 

4, 1 8. Kll 1 5. 1 7;5^7-r K:¥> '>':7'(c/.^ 

rSl 2, 13 t^y'ti^^i%:tMOCVDmcX^f^ 
M\^fc^K MBE^ (^^y-f-^^e^^v--) -Ctij^SST* 30 

I 0 1 0 1 ] ^Jiif^ij 8 

5o mums a, g a p a smm^m\^^tzmxh^o -r 
f^^-h. nmwi\sxit.. (10 0) m^^h [o i i] 

!pJ{C 1 5° L/zG a A s J^l^ 3 1 ±{c:. V P E^i 

it^-^fzG a PA s ^"U—v'^y Kj^ 3 2 ^ 3 0 m(7:>B^- 
mX^mi^s ^C?)_btc:Ga Po. 4 A so. « ^^e^T^^S ^0 
m/S-t^— US 3^2 0 Mm£7>llJ9T'i7)c:S:L. J: 9 

LTj5)(;:^^-i±-/cjj)c:^ii<7:)ii:^}d^fiJx.{±*5 0 mO-^G a P 
A sS^S 4 ^fflV>Tl^'5. GaPAsSS3 
4 <b(±. VP E?:fe^tCJ: «9 G a A s -^fz^G a PS^^ |- 
{:i0ij;t{^3 0 iimU±.W<f&^\^tz:^}::'mUo:)-tXh 

G a PA s m^t\^^X,^a 

[0 10 2] MMMSXit.. 7X{z^ MOCVDyi{;iJ: 
•9 . S e ^ K--:7"L/ln - G an. 7 I no . 3 P/<y 

:7rJi3 5 (MJi:;65 1 ju m) ^ricSL. ^rBf^^tafki" 50 
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^^t-s G a P ^G a A s <b(50rRl<7:>*&7-AE:fc-t:-feoT 
GaPo. 4Aso. 6 (7)^^^ifi[^^Ll^n-(A 1 
yGa I — y) (i I ni-,3 PvAs i-v(y = 0. 
7. i:J==0. 7, v==l)i:77:yK^36 (MJ?;!)^^ 1 m 
m) , (A 1 z G a 1 - z ) V I n 1 - V P u A s 1 - u 
(z = 0. 1. v = 0. 7. u= l)^;Sf<r K^3 7 (Hi 
m^^^O. 1 Mm), BEli^^^-r^(A 1 X G a 1 - x) 
«Ini-</PrAsi-r(x = 0, a=.0. 55^ 

t = 1 ) m-m^^-r^m^m s s mm^^^ s n m) . ( a i 

zGai-z)y Ini-vPuAsi-u(z = 0. 

1. y = o. 7. u = i) ytM'^ KJi 3 9 mmt'^ 0 . 

ljum), p — (AlyGai-y)/j Ini-zsPvAs 
i-v(y = 0. 7, i3 = 0. 7, v = l)^^^?'K^4 
0 Q^W^^^ 1 urrx), p-Gao. 7 Inn. 3 y 

4 1 (mim^^ 0 . iMm). p-G a A s :=^>'^:^ h 
^ 4 2 (flI/^;dS 0 . 0 5 //m)^j7t:g-r5o ^ Kil 3 
6, 4 0:^0 J:T>'^;t7V Kii 3 7, 3 9(1. GaPAsS 
tfe3 4{c1#-m^LTl^^o -^bT. =:i>'<^:^^ hM4 2 
±fCf±, ?tfe^il4 3 ^ LTCOS i O2 ^ pMmili4 4 t 

■^yinmt \^xmf3^^tix\.^^±K momm^m\^^^:i. 

[0103] 8 Olt3t{Ci: 19 . 6 3 5 n m-tr 

^ofco ^^^';/Kil3 6, 4 0 j^3j:t;^j)t;^f-Y Kii3 7, 

3 9 m}^^<DG a A s S+^(C>f#^^M-^-r J: -7 

^o-)x\ t;c*(7^G a A s mm^^'^^-^-r^^ =7 y vm 
^m\^^fzB^Mm\'''Fm\^\t-<x)\''PM^^w< ^ > 
(om^m'^i^m^tifzo ^tz. ^it^^x^yt:^'^ ^(da 

mhthtz. 

[ 0 1 0 4 ] ^ ^ :y KH 3 6 , 4 0 oyMfiZm^'f^m 3 8 
X 59 K^> y < . A 1 ^-pTA.fc (A 1 y G 

ai-y)/j Ini-/?PvAsi-v(0<y^l. 
0. 5<i3<K 0<w^1)^m\^'^^Zti)^^X^^o 
7t;^VKJi3 7, 3 9(1. y<ly]<^^^ yy'f}^^^:^^ yVm 
X^yh^< mm J: •9 ^ # < ^"^^'m- ^ ^ :y Kit <h fH 
CT**>^ (AlzGai-z)v Ini-vPuAs 
i-u(0^2<l, 0. 5<y<l. 0<u^ D^rn 

^^^ztt'^x^^o t.fz. rnmmsxi^. w^-m^^p 
^^'[^m^m^^rz^mmi'}[-pxh^\^\ ^tz. ^y^yyv 

^3 6, AOo:>^o:>m\^x.-^x%-i''^^tm^^t-^ G 

a P A s 3 4 (7:)*jtcfi](7:)t&T-^^^ ^ T :y Kii 3 

6, 4 0 •9(::'^;t6r <t-e>cj)S;-c-^^o 

^fc. r orimM zo'^^o\^. G a A s S4^(;5rii:;^{5:(i 



-14- 



(15) 

27 

(1 0 [oil] ;>7fo]{::o° z^^bs 4. l"" co 

ffiSI. *7t(l. (10 0) mt'-h [oil] ;^fR]tc 1 0 

[0105] 9 

J:^ 6 3 5 nm, 6 5 0 n m^O*^ if ---(7:)i,c:;il^1^!l 10 
-e^j^o Jitlli^<t LTliS CH-MQWt#5g'C^5o * 
Jfefi?ij9T*fi. ^-r, (10 0) [Oil] 
15=^ ;^-:7 L/tG a PM;S5 1 Jztc. VPE?£ (^ta^jc 
:S) tC^ip^ Pm^^l;i)-bO. 5 5 ^-C^^^tclEMt:^ 
■^tfciG a P A s ^Xy—v'v KJl 5 2 ^ 3 0 mOMi?"^ 
fSSb. ^(^iidGaPo. ssAso. A^t^^f^^ 
mm^-m 5 3 ^ 2 0 M m (7:>lliJf:-rj^:g - (7:) J: 9 I- 
/;)<;:i:^^/'^i?Jc:i:il<?W^;i)^^Jx.{^ 5 0 m m(7)G a P A s 

[0 10 6] -^LT. »jSf^'j9-Cfi. --T-njg-^gp^;^ 20 

G a p A s 5 4 (otm^wmmm-r^ z.}i\^^^ 

^m\L ( ^ y e V ^^'^ L fzWs^) L /lo ^ /c J: ^ 
— ^ ^ 5 /-^ is') { C ^ tS ^ 4^ L ^ t ^ J: t9 31 ^ > -r 

[0 1 0 7] ^tr. MOC VD^^iCj: 19 s n-G a 
0. 78 I no. I'i.Vt'-hf^^BM-if^O. '6 ixra<D/< 
yyrm^^. G a P ^G a A s ^c^^fp1co1#^:^^-r'$> i(? 
oTGao. 7« Tno. 22 P <!: ^ > n 

— (AlyGai-y)/? Ini-;iPvAsi-v (y 
= 0. 7. i3 = 0. 78. v=l) ^=7vYm^^ (fli 
jf:;6^ 1 M m) . A I ^^^7:CV^(A 1 G a 1 - 2 ) V T 
ni-vPuAsi-u(z = 0. y = 0. 78. u = 

-t"6 (AlxGai-x)oIni~nP<As 
i-i(x = 0. a=^l. 1=0. 3) iMM-iy-Z nui) 
tA 1 ^^^f^\^HA 1 7. G a 1 - z ) V I m - y Pu 
Asi-u(z = 0. y = 0. 78. u=l) Mil dJt' ^0 

r^^fm 5 8 . A 1 ^^^/^V ^ (A 1 z G a 1 - ^ ) y I . 
ni-yPuAsi-u(z = 0. y = 0. 78. u = 
l)7fe;^?V Kii5 9 mm^^O. lium). p-(Aly 
Gai-y)/i I ni-zj PvAsi-v(y = 0. 7. 

/9 = o. 78. v = i)^yyvrmeo imm^^ i /i 

m) . p— Gao. 7lno. 3 y 6 1 (BI 

If.^^'O. ljum). p-GaP^>'^^hg62 Oiirf: 
;5^0. 0 0 5/^m) ^i^:^:-^^. ^ ^ :y Kg 5 6 , 6 0 

K/i 5 7 , 5 9 fiG a 0 . 7 8 I n 0 . 2 2 50 
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P{c^&-7-^^LTl^6o 

[0 10 8] -eur. ^iv^s?^ hJie 2±(cii. ig^m 

6 3 <lr LT(^S i O2 ^ p^Hijm^le 4 ^Ti'^ff^j^Jc^ti. ^ 
fc. StS5 1 (7:'M[a{Cfini|iJffij^6 5;^^^J[^;]fe^tlTV^ 

[0109] ;^&-0iJ 9 (O^ ^ :y Kg 5 6 , 60 COj^T-AE* 
ifc-^d. AlGa I n P<7:>4»TVN>- K^-^ y 
Gain P^ffl^/^Tt>6 3 5 n m^m^{Z{tm^^'X^ 

#i^a5 8{c:{iA s ^mmLXy<>' K^>yy^^pMb 

[Olio] nmm9o:^mm{^XK>mMe s s nm-e^ 

o;^Co r^^:yKg5 6. 6 0 J:t/3t:^V KS 5 7 . 5 

9 ;a5t;&5itcoG a A s mm^^^-^Fm-^-t^jfmmj;: 9 ?7-< 

K^> :y:7°<i:/^i9 ^-V y T cT^fJ i:iA46{ia^I{-^=fo7t„ 

T\ UM(DG a A s S^^t^^^^-^g-^^i-^ ^ ^ :y Kif^^ 

mmtmm^tlf^o t^:*^^ K7i5 7, 5 9:JoJ:?>^ 

5 8 \:i\iA 1 ^'g■^/^v^t^3t<l: L/ct7:)-e. A i 

[ 0 1 1 1 ] ^ Kii 5 6 , 6 0 on^hHat^^'m 5 s 

J: 19 /<> K^i- yZf^^~X^ < A 1 %:^Ayt£ (A 1 y G a 
i-y)/iIni-riPvAsi-v(0<y^l. 0. 
5<i3<l. 0<v^l)^m\^^^Z.tyA-Xr^^^ ^ 

fz^ 1^ ^ K^ 5 6 . 6 0 (7) i3 (7:>«(r J: o r T-/i:m;^»^ 

^ :y K/i <t PJ \:.{^t^^J:viccm^^:it -CMJt^V^^ 5o 
[0112] ^fc. mmin 9 c?:) J: 9 ir. G a p A s m^hi 
omJj'mi: (1 0 0) [0 1 1] >f7n^tC0° ib^h 

5 4. 7'^ t7:)|fi[ffl, (TOO) \^dfj^h [-0 1 

1] :;^fRi{ci 0" ^^h5 4. 7" c?)$ij|ai"eMt^Ti/^^ 

>^(7:)rgi{i.-^|5^Cr |pj Cm^^r-L ^ ^ :y KJi. 

/c. ||jife<5'll9-e(i. ---y^am^U^MOCVVmi^C^^ 

[01 1 3 ] Hist?!] 10 

^Ts^-rmx^^^. mmmioh. mmj^ti^nts 
cH-sQw«iS-e^^o ^ifSi^'J] om. ^-r. (1 

0 0)Sj7!)>b [110] ;^J[«]{- 2' ^:7L/-^G a P 
0. 4Aso. 6S4S7 1JL{C. VPEffi(Mfflli3c:g:)l-I 



-15- 



(16) 

29 

P A s if I — 7 2^3 0 /i mt7)II/f:r'ffl^ 

^(7)_b{CG a Po . 4 A so. ^ t^h^S:^%^f^i^—m 7 

^m<DW^f)^mx.\tB 0 u m(DG PAsSS? 4 ^ffl 
r:rT\ GaPAsS«<b{i. VPE^fe^lC 

J: 19 G a_A s ^/cfiG a P fitg.htCM ;t 3 0 m m^J- 

10 114] MOC VD^fe{;iJ: n-Ga P 

o. 4AS0. ^ ^<yyrM7 5{m)W-i)^l ixm)^ Ga 
P <?:G a A s .^orRlO^^^^^#^:-T?^oTG a Po. 4 A 
so. ^5 «7:>1#^^m<b^LV^A s ^-g-tf n - (A 1 y G 
ai-y)/jIni-/jPvAsi-v (y = 0. 5^ ii 
= 0, 8. v = 0. 85) ^yyYM7e mW-fi"^ 1 ^ 
m) ^ (A Iz Gai — 7. )v Ini-yPuAsi-u 
(z = 0. y = 0. 7. u = l))t:#^ Kil 7 7 iMWt^^ 

0 . 1 M m) . EE^g^^^i"^ (A 1 X G a 1 - X ) « 
Tni-ftI^i.As-i-i(x = 0. a: = 0. 65. t 20 

= 0 . 9 ) -P:^4^F^'i^]i 7 8 mmf)"^ 2 5 n 

m) ^ (AI7. Gai-7. )vIni-yPuAsi-u 
(5:==0. 7 = 0. 7. u=1) 3t;tf-r KJl 7 9 OllJf: 

0 . 1 ^ m) . p — ( A 1 y G a i - y ) /{ I n i - 
PvAsi-v(y = 0. 5. /3 = 0. 8. v = 0. 8 
5 ) ^ 7 5^ Kii 8 0 (IJiJ.f:;iS 1 ;i m) . p - G a o . i 

1 no. 3 P=^-V :y:7='/i 8 1 (|lli:;?)^0. 1 jLf m) . p 
— GaPo. 4Aso. 6^>^^:^hji82 (Mlf-T)^^ 

O. 2jum) ^ftg;:i:i-6o 7 :y KJl 7 6 , 8 0:JyJ:tN' 
Tt;^ V 7 7 , 7 9 f±, G a P A s 7 4 30 

[0115] ^ LT. ^l^^ </ h jl 8 2 h-JCfi. ^#Ji 
8 3 ^ b-COS i O2 <Jr piiim^iS 4 ^;i>s?f^;5)c^n, ^ 
/^is 'MRl 1 cT^StUl-fin limits 5;6'^ff^/5j(;^nTl^ 

[01 1 6 ] ^/iSf^'J 1 0 O-^W-M^^ ^) . 6 6 0 n m 

[0117] '^mm 1 0 -Vit, G a P 0 . 4 A s 0 . « 

^tS7 1 coi&i':^{)V:ti(i oo)ifij75^^ [1 i 0] :*rioj(L2 ^t? 

0 0)ril^(l 0 0);^)^^^7MtI#;6^/J'^$V^G a p. G a A 
s, GaPo. 4AS0. eSfttiiC, MOCVD^iT- 
A 1 G a I n P t . ;^3cS^(M{C t CI :y ^ 
^m^^n/Zo rc?^t u :y:::7(i. Al I n P^. Alffi 

f^^'^jK^\^^m^^^i±. Ga I'n P{c:i:l:-<r4#{:imS^-t:^^ 
ofc, r(7)t: n >y:^75^ii£5Ji r-hf Crieff ?!hi- 5 i — 

lOiD^^fjil — if T'ft. 7 7 6 , 8 0{±J¥l^ 50 
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0- )-X:^^<Dmmit-X^\.\ :$:m(DmM^'^it. AlGa I 

^:Lt^W.mi^fz^ ^^{1. AI^fcfiGatOK 

m^^^tr^X^tz^ KS 7 7 , 7 9:fcJ: 

(^#FJi7 8{C:(t. A 1 ^'g•^/^V^1#it^ L/-(7)r\ A 

[0 1 18] ^tei^-yi o-c(i. m-A-^^^'^'i^m^m 

(A lx2Gai-x2)a2 In]-a2Pt2As 

1- t2(0^x2<l, 0. 5<a2^1, 0St2 

^ 1 )^fflv'^5r <^;6^T#^o *fc. ^:;^7VKJi7 7, 
7 9{:iA s ^^A.-t:^V^T'bg:V^o 

[0 119] _LK!!Lfc¥^^fl5:u— if*i. t> "^^^Ay^^i^^* 

-(:t—V (LED) {^j:c:^ffi L/c^^-^t- t3 3^:^J:^;0^fc5o -1 

[0 12 0] 

Gai-x)a Tni-aPi Asi-t.(0^x<l, 
0<a^l. 0^t^l)f)^ii>fj:^, ^ 7 'J/ KS(l?Si4 

II J: '9/<> K:¥> :y^;6^:^# < . GaPc^GaAsi:<7:» 
mo:>^^'^^^^-t^ A 1 ^^Ay/c ( A 1 y G a 1 - y ) 
/^Ini-/vPvAsi-v(0<y^l. 0. 5 < ji < 

1. 0< i);^^b^cj:o-rv^-5<75r\ GaAsmm^ 

mf^X^ ^^=7v K/iW^^J: «9 :y 

<. ^7li£:fefl::{c:*fiJT'^5o ^fz.. ^St±ilfi(A 1 X G 

ai-x)., Ini-«PTAsi-t(0^x<l. 0 

<tt^K 0 ^ t ^ 1 )/j^^^/^6^7)T\ ^^:yK/i{^M 

i-^6 3 5 nm. 6 5 0 nm^m<0^^'^mi^l — if. 

^^^fC:^b%^T6 0 0 nmJ: V ^^-Mix^im-t ^^U^ 

[0121] t.fz. m^m2mm<omm{:i2:ni'£. 

^^^^Z:^o^.^T. ?S'I4:]lli(A 1 x G a 1 - x ) « In 
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1 - a P I A s 1 - I (0 ^ X < 1 . 0<a^l. 0^ 

1^-7-^iS:^*i-^A 1 ^^A//c(A 1 y Ga 1 - y)/j I 
ni-,iPvAsi-v(0<y^l. 0. 5<i3<l. 

V^(AlxGai-7. )y Ini-yPuAsi-u(0 
^z<l. 0. 5<y<l. 0<u^\)t^h^S:^it^ 
^ K/i^^LT^^«9. ^^:y KlltlGa Pc^Ga As ^ 10 
(7)r«1(?)fe^:^^^Wi->5 A 1 ^^/wtfiA 1 y G a 
i-y)/iIni-aPvAsi-v(0<y^l. 0. 
5<i3<l. 0<v^l) -C^ «9 . G a A s S>fS(-JT^/5)c 

mitl^^'^m-V^h^o ^ti. (A 1 z G a 1 - ^ ) V I n 
i-yPuAsi-u(0^z<l. 0. 5<7<ls 
0<u^l) Kjl:lb^J:t/(A 1 X G a 

i-x)«Ini-«Pi.Asi-t(0^x<i. 0< 
a^l. 0^ t ^ 1):^^??^^;^*— ft^^Ft-J:'? SC 
HtM^t^ff^i^JcLTV^-Sc?:)!?. G a A s 20 

$bt-Ga I n P{iGa^^J^l^^/J^$<i-6^^§•T- 
^^;^^;k:^ < fj:^ t thi^^<:^ K=¥-^ ^/:/^i/J^^ < fj: 
5o S a n d i p ^- (A p p 1 . P h y s . L e I l . 30 
60, 1992, pp630~632) 

^^WU:^ — ^7:)^fl::^i/J^^V\ —^7^ Gain P A 1 ^ 

G a A sS&-hi»5t-C:1i. :;'^#/^Aim^ 
<7:)A 1 Ga I nP^*:757V KJitc:-r5'£^^^:^5^'9. Ga 

m^'^o v'^^mmm^hti^. -n^c^^^i^MA i g a 
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miU, iSdiltl, ^X£S)f1^-t-^ 6 3 5 nm, 6 5 On 
m^^^^.^^i^U— tf. ^7a^CjbH^-C6 0 0 nmJ;«9 

[0 12 2] ^fz. |f*Jl 3 15^(7)^0^ (C J: ^Ig 

^m^^-rmmx^^. npmniA i x i g a 

i-xi)ai Ini-aiPiiAsi-ti(0^x 
1<K 0<al^l. O^tl^l )7)^^t^^ . P*^ 

Mi'i (A 1 X 2 G a 1 - X 2 ) a 2 I n 1 - « 2 P I 2 A 

si-i2(0Sx2<l, 0. 5<a2<l. 0^1 

<G a P^Ga As toym<0^'T-'^^%:^-t 
^A 1 ^^Ayf£(A lyGai-y)H Ini-rfPvA 

si-v(0<y^l. 0. 5</^<l. 0<v^l);6^ 

t^^fm^^±^< ^=7V Kli<t '9/J^$^/^(A 1 z Ga 
i->:)yIni-vPuAsi-u(0^z<1. 0, 
5<y<l. 0 < u ^ 1)75^^/^^*^V Kil^^^'LT 
is (9 . ^ KiMfi. GaPirGaAs^ (nf^(Di^=^-^ 

A 1 ^^/..ff (A 1 y G a 1 - y ),M n 
i-/^PvAsi-v(0<y^l. 0. 5<i3<l. 0 
< V ^ 1 ) X^ s G a A s iUStClffMT't ^ ^ 5/ K 

^ ^ /^C. (A 1 X. G a I - z ) y I n 1 - y P u A s 
i-u(0Sz<l. 0. 5<y<l. 0<u^T) tJi^ 

htj:7^%id^ Kiiis J:T>*(A lxiGai-xi)«i I 

ni-uiPtiAsi-ii(0^xl<l. 0<a 
1^1. 0^ t 1 ^ 1 )/j-^b?t^'5^-?-#F<!:: (A 1 X 2 G 

ai-x2)a2 Ini-o2Pl2Asi-t2(0^ 

x2<l. 0<a2^1. 0^ I 2Sl)t^h^^^WM 

m\^^^ sc¥[mm^mj^\.x\^^^(DX\ wm^^it^x 

m\^n\^x^) '')^\z,^\H^M't^:Lh^^x^. mmm o:> 

^^mmi^x^iijfjim-f'^^m^^^^m^.z.thx^^^ 
^fz. ^mm^^rw^t'r^^tx^-T')T^-^'^[^ 

J:i9-:^c2-af>.;/-7°{--t-^- i:i^-ir#6o Ga 
I nPii. G ami5J<:^/h^<-r5<!:. < 

?:^-5^<^'bl-^<>'K=¥i"y7'^i/J^^<^^^o Sa nd i 
p??(Appl. Phys. Letl. 60, 199 
2, pp630 — 632) V^^i^WcO-^^mh 

u^Ki mm.'f-^m (?) ^ /i- =¥ - i s ^ ^'^^ b l r v ^ 
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33 

ft^fl^h^l^ — Ga I nP-^Al ^mui'^t. B 

a A s m^±mm'Ci'^±^^J:A 1 m;S:<7)A l G a I n P 
^5\f::<^^>f Vm\^i-^'J^^W^^:h^. Ga I n PS^^I^^^S 

^ r«i (c :^ # fj:mm~f^m o ^ K^^si^ ^ * l r i > 

m^^mhtl^o rtLtCj: tigJltA 1 G a I n P 

<7)T\ 6 O 0 nm J: >P^l^xS:i:CO^/.f?>-f . 6 0 0 nm 
5635nm, 650 n m**^#fe^?^:^ if . 

[0 1 2 3] sf>RiS4|[iife<7:)^Ni]t-<J:tL(±\ 

^td^^V^T. '/SWifiA s ^'g'A/T^V>§ (A 1 X G a 
i-x)aTni-oPLAsi-L(0^x<K 0< 

a 1^1. 0 ^ t ^ l)/j^^/c^oT^3i9 . A s (7)^JjDfi 

^Tt^s 6 3 5 nm, 6 5 0 n m^^-c7) 6 0 0 n m J: ^9 i<? 
^KtisL hC7:)6 3 5 nm, 6 5 0 n m^-(D^1-{C^t^X 

^illf^-rS 6 3 5 nm, 6 5 0 n m^^^<7^#^H^igCfls: U 

[0 124] ^tz. mMm:5mm.o')^iim{cxtiit. 

T-(^43l^T. Kli(iA 1 ^-pT^/j^l^G a V I n 

i-yPuAsi-uCO. 5<y<l. 0<u^l);6^ 
f>/c^oTV^5r <b^i|^»<t LTl^^o •t'/cCi^^'ib. m-7-7£ 

a^^G a A s J: t9 < K:¥-v ^y:/7^»^'^t 

< /c^«9; f^C/O- K^'-y 'yy(7^$<jt4^#5/'-^6(c:{iA l 

«7)A 1 Uh%^mkX^^o M±.\^G a A s S+5cJiCO#fe 
I/— -tF-Cti, iiS. >'^>' K^> :y:7*?^ft75^^5 7 0 n 
(a 1 o . o G a 0 . o ) 0 . 3 I n 0 . r, P ;d^fflV ^ 
bixTl^5:*V >^:^P>g(7:>Ga P^Ga As <!:60rp1C0^&^ 50 
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^r^WL^-^-t^mM^^^t^ A 1 ^^^/c^l/^G a o. 7 

I no- 3 P{cJ:f9 rc?)/OK=¥-\':yT2SS;ii^»^Jc$ix 

Z(Ofz.^^ 6 3 5 nm, 6^0nm^^^^^U — 

635nm, 650 n m^^cD^IP'fe^^f*: »f . 

^C^^^.^r 6 0 0 nmJ: »9^U-/^:i:T^^|g-r5^ia^^f$: 

[0 12 5] ^fd. tS:^il6tS*Jcc7>B0^tcJ:tufi\ If* 

7-(cioV^-C. ^y^yy KJlflA s ^-^A.'Cl^^ (A 1 y G 
ai-y)/j Ini-fjPvAsi-v(0<y^l^ 
0. 5 < iS < 1 . 0< v< 1 );^^^/.^oT4y'9. AIG 
a I n ^f&'^^kCA s ^^'^^t7^Z.tX\^ P :y^(7)^^i§: 

<^:;0^'e#5. rtbtdJitp. ^l^ -Jl, S 

^*ii)it-r'5 635nm, 650n m-lf^/^O^fe^^igf*: U 
— 1f\ Ml?a{C:fol/^r 6 0 0 nmi: '9fe7i^V^»:S-e|gJi'r 

K }£ ^m^.-r 5 r. <Jr -T:' ^ ^ o 

[0 12 6] ^fz. M^J-l7fagcC7)f§P^jcJ;tu(i\ 

T-tci^^lNT. iW^FH (7.^-7- ^^:y K^ct 

G a A s 6 3 5 n mffi I if /dE^^^N'F 

ii(C-r^<t/^V K^>:y•r;^»wJ^$^.^M^if (^ICG a I n 

J^m^^^m^^htlX\^^^o :L(Dfcih. U^l-tTM^—Vt 
^y':fr-i<.^<f^r^(OX\ ^yy Vm^^Wrfm.t'^'X^ 
m^X^. i^'I4r^(7)JEI^^ 6 3 5 nm^l/-ift#3t^#' 
^(iT E K ^ t9 . ~%^^^m^or^^-^o'^ u~if ^ 

t"^ 6 3 5 nm, 6 5 0 n mm'^<?:)#fe¥^{* t-— if\ 
^^a(::^yV^T6 O O nmJ;^9^SV^^^:ST^ii-r'5'5^ti¥ 

[0 12 7] ^f-. Bf*^8t[li^c7:)^Bj^{cJ:H(i\ ifil^ 

-7{-^^H^T. Y^^-f:^^S(i:G a P A s ;6-ib;^c^ ^9. f^t-^ 
LTl/^^o Ga P^Ga As <J:(7)rB^<7^*&^^^®:^/c^5G 
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aPAs^. G a P^tii±mm-tA^m< m:tit3 0u 

l^ti, ^7Etit)^^-r5 6 3 5 nm, 6 5 0 n m^j^-^(7)#^ 
^?|^f^U— 1f\ ^^aiC:^o^/^r 6 0 0 nmJ: 

[0 12 8] ^fc. It5^til9t£®(7)^fl;^i::j:nfi\ li^it 

i:tS$tbT*5f9. GaAs^/cflGa PS+^Ji(C*&^^< 

m:^, ^^©Jf^-r^ 6 3 5 nm, 6 5 0 n m^^C7)^fe 

-tf\ ^rUt^:J=oi/^r 6 0 0 nmJ: «9 

[0 12 9] ^/c, m^'^\ otm(omy\\^^M-i. m 

ril<bLTffiv^5-<^ -ct#-f-lt f p /j^^ -^r - 5 CO -e. 

jSt?„ :ittt-J:'9. i^rl^., t^tti^J, 6 3 5 

nm, 6 5 0 nm^!r-^c7D#fc^#i$:u--if\ ^raCl^tiV^ 

[0 13 0] ^fd. 1 =sm«7^lgP^t'IJ:n{i\ 

im. 9 Idmco *^f4^^ . ^I?P/^ y r ^ 

J: «9 . iS^a. fStfcl^^J, ^7£®Jit:-r^ 6 3 5 n m, 6 5 0 
nmffi--#(?)^^^^{^U- if\ ^^^(c4oV^T6 0 0 nm 

[0131] -^f^^ fS^iIl 2HEit«7:»^fl^lci;tiH\ 
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rii<t LTffiv>>5c^-e\ l#^^?p{c:#9Jgr0^l%^^ 
:7 r ilF^Jt-r^ DiAi^^s r ;6i'T*^ . --7^ 

i^y^, fSfJ:!;^, ^^'Kfl^i-^ 6 3 5 nm, 6 5 0 n 

[0 13 2] ^yc. Hi^J^Il 3t£«fe<7:»^P^{Cj;nf±\ fi 
^11 9 7!?^^f 1 2 cov ^-f ix7ii^"2l(cse«cc7:)^2gf*:|g 

7t^-f{C:fo%^T. ^tfP/<:y :7rii(i. Ga InP^fcti 
Ga PA s7!)^b^cC>5r.^^#i!iJ[^ LTI/^So GaPAs 
^fcflG a I n P \%EomPcX^ ^ . ffeiJ^^P;6^^^T-^ 
^« G a PA s ^iT^l^^i^^. 4^*f*:S^^755G a P»S 
(7:)H#(^G a Pt;^A s ^^P;t5fctt"C^< . ^fc. 
mW^G a A s Sti5t(7)0^iiG a A s i«i P fcttx:- 

WWL-^-ri\ Ga I nPCOi^-g^fi. 

m;^, 'ic^ibft-ra 6 3 5 nm, 6 5 0 nm^'^O*^ 

^I'-igf^u— 1f\ ^'?Sl{c:^D^/^T 6 0 0 n m J: i9Mv^i^5:-r 

[0 1 3 3] ^fc. ^■S->l<:iil 4rdm(30^Pj:ilcJ:Ht^. sS 
'^m^MRomhrn-t^ (1 0 0)iSi;i)-b[0 1 WJim^ 

0** 7:1-^54. 7° (7)$'&ra-t5«i^^f^ia. *fcf±. (10 

i6> 0)1j;6^^[0— 1 i]:;^[pI{Cl 0^ 5 4. 7'^cof& 

^^i^^tM<7)ifp:trfv:^5 (i o o) ciQ;^^i^_. [o i i ] 
;^fpjt::o" /j^^5 4. 7° t^^fSlffl. (10 0) 

[0—1 1] J7"fnJ{C1 0° ;?)>^5 4. 7" <7)|&|1| 

^-yyttj:ho:>-X:mi^mU:i^ntf^^. ^fz. 

fZ'jj \^ JL^^ tcfti i 1 5 ^ . ^ ill (i^ii: <t ^ /.^ V ^ c?) -e 

$t*L<?tl\ i^::. S*^(7)iti;^fvZ^(1 00)g!;6^^ffi 

5, m\i^J}. ^A&05jft:-t-S 6 3 5 n 

m, 6 5 0 nm-^-^f^^^fe^^^f^U — -!f\ >r 
6 0 0 nm J: ^ m\^'^i^^X^m.-t ^'^U^^-^-W^—'^'^ 

50 T*#^o 
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10 13 4] ^tc. m^mi 5fSgtoBHJ(ci:tifi\ if 

8 ^ tzmmm 9 mm(D^mwm^m'^{^:^\^ ^x. 

•^^c:^Jg^^/^^^0lij*.S^tL^(C5fewoT. GaPAs 
^m^LTV^^o G a P A s SI^CD^®. Mfn 

i^ia, i^ai;^, ^TAE'Iilji^-r^ 6 3 5 nm, 6 5 
0 nnx-^^CD^^'f-m-i^^—^. ^^^{C^SV 6 0 0 n 

^^(7) nmig^t Vt£ ^^m.^-t^ ^ t^X^ 

[0 1 3 5] ^fc. m-^^w^ 6mm(o^m\^^fi\^. m 

rh.tc:J:t9. iSra, isllij;^:!, ^AtRif^-rs 6 3 5 n m. 
6 5 0 nm^^O*^?f-?f.f/ls:U'— Hf\ ^^aic:joV^T6 0 
0 nmJ: *5Mv^^R--tr^^-r^m^4^*^*:l^•-if^ii5^ 

[0 13 6] ^fc. st^RlIl 7ti:im^7)-^Mj^i^J:tL{±\ 
*3ll 6^^<7)^2|L^fg^^^tCjoV^T. ^(Dj^lSltT^i: 
DS;65Tlia (^MJ) J: ^9 W-m.X^^M^'X. S e ^ 5 x i o 
^ « cm- J:^ h(C K--7"L/zG a I n p-Cfe-S::.!:^ 
#m<tLTi/^5o ^l^"<7)^P>^#(i. Se^f^g;t{CK— 
:7°L/iGa I n Pfi[U]d^^ili63A^TriSm-t-6t4e^^ 

635nm, 650n m^^(7:>#^-=r-?gft: l--1f\ 
(CiJl^r 6 0 0 nmJ:^9Ml^g£ft-e^^i- ^plii^^Sf*: 

[0 13 7] i^tz,. m^^.i stmLO-^mm^^h^^-^. m 

{t. S e ^ 5 X 1 0 1 « c m- - K—IT" LfcG a 
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yyrm^mc. m^''^^m^^^A.xf^^'t^^\^m:^^\^ 

T't5o igr^, .^ai;^, ^^ibf^-T^ 6 3 

5 nm, 6 5 0 n m^^oa^^#^^ff if. ^?atC*5 
l^-C6 0 0 nmX.^m.\^^'i^^XW^'t^'^\^^mWl— 

[0 13 8] ^fc. mmRi 9nmomm^cxh.i^. m 

(MOCVD)^fz t^—m (M B E ) {C i: 
^f^^^tlfzh(OX-^^-t^'¥fmt'LX\^^o AIG 
a I n P (As) mtmt^ m^i)-hm^^^(DA 1 (7)^ 

h^mmx^^o — ^m^M%Wif&^^^. (mocv 

ftbftt'^ 635nm, 650n m','li-^(7:»^fe^>gf$: U — 
if\ mU.{C^\^^XeOQnTnX,^m\^^^^X^m-t^'^ 

[0 13 9] ^fc. OtfiSO|g0^(Cj:tbfi\ m 

>R3^i 9t6ifeco^^f4:^)t^7(c:ib%>r. mm^<yyr 

m . i^i^:^ fcfe (M O C V D ) ^ }t fi^>^^^^ 

t:''^^'>t:fe(MB E) (ciJ: i5;S:^$tbfzt^OT?^b5f7:)-C\ 

^AEfbit'-r^ 635nm, 650n m^^i7)*^#^igft: 
U~-if\ ?^?a(::*5V^T6 0 0 nmJ:(9fe^^/^j!S:S:T'^^i- 
[lilili(7:>Mi¥?'<^U^P>^] 

[mi] ^^f^^m<t:^<>K^^'>>^:n;f.yUJf^-^(7)^^^. 

[IP?13] *:^BJ(c^^^»f$^^^i^(7:>1t^^^!l^^-ri^ 

X^^o 

[m 5 ] :^mmo^Mmm i -nis^^j ? (or-mi^m^m^ 
o:>m^mj&^^--r\mxh^o 

[He] 'it^ft0iJ4coM^^^/<y:7rJp^^-rilTfc-5<, 
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III 7] mm^. m^mioy^^^m^^^-tm-xsh^^o 
ins] Mmn<D%mms<o^mw^^itmi-(r^mn%^^^ 

11^19 1 ^^mommm^cD^m^w^^^m^mnf^^TT^ 

[Hi 0] ^^mo:>m:mmi oo:>^mW'^itm^(r>mm. 

[Hill (10 OlSlT^^^ [110] ;^fn]tC2" o f f 

LfcG a Po. 4 A so, 6 ^ t'^I^JiCO A 1 I n P ^ A 1 1 
n P A s c7)^lSJy (^®-=e>':f n V?— ) 

1 

2 
3 
4 
5 
6 

1 1 

1 2 

t)S. 
1 3 
1 4, 
1 5, 
1 6 

1 9 

2 0 



mm 

KJi 

^=7 y vm 

mm 



\ 8 
1 7 



10 



2 1 
2 2 
2 3 
1 1 
1 2 
T®. 
1 3 
1 4. 
1 5. 
1 6 

1 9 

2 0 
2 1 
2 2 
2 3 
1 1 
1 2 
r^, 
1 3 
1 4, 
1 5, 
1 6 

1 9 

2 0 
2 1 
2 2 
2 3 
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S i O2 

p mwM 

yu-^'^y h'y<yyTm, m^^y<yy 

18 ^ y y vm 

1 7 yt0^ vm 

S i O2 



1 8 
1 7 



^ ^ :y KJI 

=1 >- ^ ^ h il 
S i O2 



[Hill 
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[1^3 1 
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[1^51 [1117] ms] 




20 fim 



(72)^q)J# ax Fi$? — 5F073 AA45 AA55 AA73 AA74 CA13 

mi^^mi^lT^sme Wx^ CA20 CB02 CB07 CB08 CB09 

^?±y ^-1^ EA06 EA07 EA22 EA23 EA24 

EA28 
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